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as soon as possible.

Manuscripts of any length may be submitted,
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script. Authors should not overlook the need for

good brief papers, presenting results of studies,

notes and queries, communications to the editor,

or other commentary.

Preparation of Manuscript

Although no manuscript will be rejected

merely because it does not conform to the style

of Pacific Science, it is suggested that authors

follow the style recommended below and exem-
plified in the journal.

and double-spaced throughout. Pages should be
consecutively numbered in upper right-hand
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The Food of the Aholehole, Kuhlia sandvicensis (Steindachner),

in Hawaiian Waters^

Albert L. Tester and Shirley M. Trefz^

The aholehole, also known as the moun-

tain bass, is an inshore fish which occurs in

salt, brackish, and fresh waters throughout

the Hawaiian Island chain. The young are

fairly abundant along rocky shores, in tide

pools, and within the mouths of streams

which are connected to the sea. Juveniles are

frequently encountered under wharves, in

larger tide pools, and in brackish or fresh-

water ponds, and streams. Adults are found

in the caverns of wave-swept coral reefs, in

the pounding surf at the base of cliffs, in

sunken barges and other underwater obstruc-

tions, and, occasionally, as schools in more

open water.

A study of the food of the aholehole was

undertaken in connection with a general in-

vestigation of the life history of the species

to ascertain whether or not it could be reared

in ponds. The investigation has been financed

by and conducted under contract with the

Industrial Research Advisory Council of the

Territory of Hawaii (Project No. 29).

We are indebted to Dr. Leonard D. Tuthill

and Dr. D. Elmo Hardy of the University of

Hawaii and Dr. Willis W. Wirth of the U. S.

National Museum for the identification of

certain insects; to Dr. Maxwell S. Doty and

Dr. Albert H. Banner of the University of

Hawaii for the identification of algae and cer-

tain invertebrates.

^ Contribution No. 40, Hawaii Marine Laboratory.

2 Department of Zoology and Entomology, Uni-

versity of Hawaii. Manuscript received February 11,

1953.

MATERIALS AND METHODS

Twenty-two samples of aholehole, com-

prising 202 fish with food in their stomachs,

were examined (Table 1). Small fish from

fresh-water streams (samples 1 to 5), from a

brackish-water canal (sample 6), and from

tide pools or rocky shores (samples 7 to 14)

were caught by seine, dip net, or, in a few

cases, hook and line. Medium-size fish (sam-

ples 15 and 16) were caught from rocky shores

by hook and line. Large fish were caught by

poisoning coral reef areas (samples 17 to 20),

by spear fishing at a sunken barge (sample

21), and by trap in an inshore channel (sam'

pie 22).

For the most part the small and medium-
size fish were preserved in formalin imme-

diately after capture. Later the fish were

measured, the stomach removed, and the

contents examined under a dissecting micro-

scope. The length range of each sample is

included in Table 1. Length is defined as the

distance from the tip of the closed jaws to

the end of the vertebral column (located with

a probe). The large fish were measured and

dissected as soon as possible after capture.

In some cases, the unopened stomachs were

placed in vials of formalin; in others the

stomachs were opened and the contents were

preserved in the vials. The latter procedure

seemed more satisfactory, as digestion was

halted sooner and the contents were more
readily identified because of their better state

of preservation.
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TABLE
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Food of Aholehole— Tester and Trefz 5

Fig. 1. Map of Oahu showing the location of places from which aholehole samples were obtained.

The items in the stomachs were identified,

counted when not too numerous, and ex-

pressed as a percentage (estimated) by bulk

of the total. In large fish the volume of the

contents was also determined, but as this did

not vary greatly {ca. 2 to 6 ml.) it was not

incorporated into the calculations. For each

sample a table was prepared showing the

frequency of occurrence and the average per-

centage by bulk of each item. Only the latter

figures are included in Table 1.

Organisms were identified usually to order

or suborder, often to family, and more rarely

to genus and species.

The places of collection, all on Oahu, may
be located on the accompanying map (Fig. 1).

RESULTS

It may be seen from Table 1 that aholehole

eat seven major types of food: algae, fora-

minifera, annelids, Crustacea, insects, spiders,

and molluscs. It is apparent from the grand

means that the relative importance of the

major groups differs with size-group of fish

and with habitat. The results will be discussed

according to these two categories.

Small {20-63 mm.) Fish from Fresh Water

Small aholehole from both Bellows Field

(samples 1 to 3) and Kaaawa Stream (samples

4 and 5) contained algae, insects, crustaceans,

and foraminifera, in order of decreasing per-

centage. The samples were taken from within

the stream mouths in water which was prac-

tically fresh (chlorinity 1 to 3 p.p.m.).

Algae and other plant material (averaging

65.6 per cent of the food) occurred in 41 of

the 46 stomachs examined. Filamentous red

algae {Compsopogon) was the most abundant

form in samples from both localities. Fila-
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mentous green and blue-green algae were also

common. Diatoms of various species {Bactl-

laria, etc.) and other one-celled forms such

as Oocystis were numerically abundant in some

stomachs but in bulk constituted a minor

item. A few stomachs contained decomposed

material, mostly from higher plants, which

occurs as a light carpet over the sandy bottom

of the stream.

Insects ( 19.5 per cent) occurred in 19 of the

46 stomachs. They consisted entirely of ter-

restrial forms—mostly small ants, but also

small beetles, springtails, leaf hoppers, and

bugs, in order of decreasing percentage. The

small ants, of common occurrence in the

stomachs, must have fallen into the water by

accident. The springtails were probably taken

from the surface, where they hop about. Prob-

ably the other insects were taken when they

accidentally landed on the surface or when
they were flying close to it.

The crustaceans (5.8 per cent), occurring

in 10 of the 46 stomachs, consisted primarily

of fresh-water shrimp larvae, copepods, and

amphipods. Foraminifera of several species

(4.2 per cent) occurred in four out of six

stomachs in one sample only. Similarly small

spiders (0.4 per cent) occurred in two out of

ten stomachs in one sample. Other food items

(4.5 per cent) included unidentified eggs and

the remains of a small tadpole {7), each of

which occurred in one stomach only.

Small (19-30 mm.) Fish from Salt Water

The small aholehole from Ala Wai Canal

(sample 6) have been grouped with those from

salt water (samples 7 to 14) as the stomachs

contained similar food items, although the

chlorinity (13.7 p.p.m.) showed somewhat

brackish conditions as compared with those

along the seashore (18-19 p.p.m.).

There is considerable variation in the pre-

dominating food organism in the various

samples. Molluscs were dominant in the sam-

ple from Ala Wai Canal; Crustacea were dom-
inant in one sample from Diamond Head

(No. 7) and in those from Kuhio Beach,

Kawailoa, and Lahilahi Point; insects were

dominant in the other Diamond Head sample

(No. 8) and in those from Sandy Beach and

Waimea; foraminifera were dominant in the

sample from Kualoa. There seems to be no

general relationship between the type of dom-
inating organism and the particular habitat

(sandy shore, rocky shore, tide pool). In gen-

eral, however, Crustacea and insects are much
more abundant and algae much less abundant

in the stomachs of small fish from salt water

as compared with those from the fresh-water

streams. The difference is interesting but not

surprising— it probably reflects a difference in

the relative availability of the three types of

food rather than a difference in feeding habit.

The food organisms found in the stomachs

of small aholehole from salt (and brackish)

water may be ranked in the following order

of decreasing average abundance; Crustacea,

insects, molluscs, foraminifera, algae, spiders,

and annelids.

Crustacea (48.1 per cent) of one kind or

another occurred in 76 of the 81 stomachs.

Table 2 shows the various groups arranged

according to the average percentage by bulk

and shows the number of stomachs in which

they occurred.

The copepods, including suborders Cyclo-

poida, Harpacticoida, and Calanoida, were the

most important item of the crustacean diet.

They were followed by small amphipods

(mostly Gammaridea) and isopods (including

Tanaioida). Other crustacean forms occurred

infrequently and formed but a small propo-r

tion of the food.

Insects (28.5 per cent) occurred in 54 of the

81 stomachs. They occurred in the following

decreasing order of abundance: midges, ants,

wasps, roaches, beetles, bugs, thrips, and leaf

hoppers. Midges and ants, together, com-

prised the bulk of the insects.

The midges, identified as Clunk littoralis by

Wirth, occurred in the stomachs as larvae and

pupae, but mostly as adults. They were found

in all samples taken from tide pools and

rocky shores but not in the sample from Ala



Food of Aholehole— Tester and Trefz 7

TABLE 2

Crustacean Food in the Stomachs of Small

Aholehole from Salt Water, Showing
Frequency of Occurrence and

Percentage by Bulk

CRUSTACEA
NUMBER OF

OCCURRENCES
PER CENT OF
TOTAL FOOD

Copepods 70 22.3

Amphipods 27 10.0

Isopods. 18 4.0

Crab 2oea and megalops. 15 2.6

Shrimp zoea 3 0.3

Ostracods 11 0.2

Mysids 3 0.1

Barnacle nauplii 1 0.1

Unidentified remains. . . . 19 8.5

Wai Canal (with rock walls) nor in that from

Kuhio Beach (a sandy shore) . They were par-

ticularly abundant in the sample from Wai-

mea, occurring in nine of the ten stomachs

and comprising 61.0 per cent of the total

contents. In a letter to Dr. Hardy, Dr. Wirth

states: "Since approximately a fourth of the

hundred or so specimens were females, I

would not be surprised if the fish were feeding

on the midges in the beds of algae where they

breed. Since the females are wingless they can

only crawl around the breeding places, al-

though some are transported by the males

during copulation." This insect, one of the

few that breeds in salt water, thus forms an

important item in the diet of the small

aholehole.

Ants, mostly small adults, occurred often

in small aholehole from tide pools and rocky

shores. They were particularly abundant in

one sample from Diamond Head (No. 8)

where they occurred in seven of the ten stom-

achs and formed 31.5 per cent of the total

contents. The ants, which are very common
along all shores, doubtless were blown or fell

into the water where they were eaten. Some
of the winged forms, such as wasps, beetles,

etc., may have been taken when they were

flying low over the surface or when they

accidentally landed on the surface. Although

most of the whole insects found in the stom-

achs were of very small size, a few large legs

and wings from unidentified species indicated

that the aholehole would also tackle larger

forms, nibbling at them until they were

consumed.

Molluscs (9.4 per cent) occurred in 22 of

the 81 stomachs. They consisted of pelecypod

and gastropod veligers and postveligers. There

was an unusual abundance of pelecypod vel-

igers in the sample from Ala Wai Canal in

which they occurred in all five specimens and

formed 63 per cent of the total contents.

Foraminifera (7.5 per cent) occurred in 29

of the 81 stomachs. They were particularly

abundant in the Kualoa sample, occurring in

nine of the ten stomachs and forming 49-9

per cent of the contents for this one locality.

Algae (4.9 per cent) occurred in 25 of the

81 stomachs. They consisted of the red and

green thallus and branched forms common
to tide pools and also included diatoms and

other one-celled species (of minor impor-

tance). The low percentage of algae is in

marked contrast to the high percentage which

occurred in the stomachs of small aholehole

from fresh-water streams.

Annelids (polychaete worms) occurred in

only three stomachs. Other items included

fish eggs found in two stomachs.

Medium {39-138 mm.) and Large

{132-204 mm.) Fish from Salt Water

Medium-size fish (samples 15 and 16) and

large-size fish (samples 17 to 22) are grouped

as the food was similar and both came from

similar habitats— localities exposed to the surf

of the open sea where the water is of high

chlorinity (19 p.p.m.).

It will be noted from Table 1 that there is

less variation in the type of dominant food

organism in the samples of this group than

in those of the small fish from salt water.

Crustacea were most abundant in seven and

annelids in one of the eight samples. Com-

pared with the food of the small salt-water

fish, there was a marked increase in the per-
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centage of Crustacea and annelids and a

marked decrease in the percentages of all

other types of food. No foraminifera were

found. The organisms occurred in the follow-

ing order of decreasing abundance; Crustacea,

annelids, insects, algae, spiders, and molluscs,

with the last two forming very minor items.

Crustacea (77.6 per cent) were by far the

most important food of the medium and large

aholehole, occurring in every one of the 75

stomachs. The various kinds were distributed

as indicated in Table 3-

Crab (Brachyura) megalops were the most

important item of the crustacean diet; zoea

were common but of minor bulk; small adults

were found in only two stomachs. Anomura
larvae were found in one sample (No. 21).

The remainder of the crustacean food con-

sisted mostly of stomatopods (alima larvae)

and amphipods (mostly gammarids, but also

hyperiids and caprellids). In contrast to the

crustacean diet of the small salt-water fish,

copepods were of relatively minor importance

to the medium and large salt-water fish. The
larger fish tended to eat larger organisms.

Annelids (13.3 per cent) were found in 22

of the 75 stomachs and consisted of uniden-

tified motile polychaete worms. They were

mostly of small size {ca. 2 cm.), but fragments

of larger worms occurred occasionally.

Insects (3.3 per cent) were found in 20 of

the 75 stomachs. They were more common
in the stomachs of medium-size fish caught

at the bases of cliffs than in those of the

large-size fish from the outer edges of the

reef and the more open water. In the former,

the insects consisted of midges {Clunio),

beetles (Carabidae and Scarabaeidae), and a

wasp. In the latter, they consisted of salt-

water striders (Halohates), a beetle (Staphylini-

dae), and an ant.

Algae (1.9 per cent) were relatively scarce.

Two spiders (0.1 per cent) were found. Mol-

luscs (+ per cent) included a small snail and

postveligers. Other items (3.8 per cent) in-

cluded chaetognaths, sponge gemmules, bot-

TABLE 3

Crustacean Food in the Stomachs of Medium
AND Large Aholehole from Salt Water,
Showing Frequency of Occurrence

AND Percentage by Bulk

CRUSTACEA
NUMBER OF

OCCURRENCES
PER CENT OF
TOTAL FOOD

Crab megalops, zoea,

and adults 63 49.6

Stomatopod larvae 20 6.9

Amphipods 36 6.3

Shrimp adults and larvae. 24 1.8

Copepods 15 1.2

Mysids 10 1.1

Isopods 8 0.8

Euphausids 6 0.1

Ostracods 5 +
Nebaliacians 1 +
Unidentified remains. . . . 15 9.8

tom debris (containing both plant and animal

remains), eggs, and fish larvae.

Variation in the Proportion of Stomachs

Containing Food

The stomachs of seine and dip-netted small

aholehole (19 to 30 mm.) taken from both

fresh and salt water almost invariably con-

tained food in either the stomach or gut,

although in some cases it was present in

traces and was considerably digested. This

agrees with the general rule pointed out by

Ricker (1946) and substantiated by Orcutt

(1950) that, on capture, small fish more fre-

quently contain food in their stomachs than

do large fish, a fact which is probably related

to their greater activity and faster growth rate.

The stomachs of small fish (30 to 50 mm.)

taken by hook and line were frequently empty

or contained only the bait which was used.

Doubtless this method of fishing selected the

hungrier individuals.

In the large fish taken by trap (sample 22)

the stomachs of all 16 fish contained food.

In those taken by spear fishing (sample 21

and others not reported), 12 out of 34, or 35

per cent, contained food. In those taken by

poisoning (samples 17 to 20), 100 out of 226,

or 44 per cent, contained food. In all these



MEDIUM AND LARGE FISH

SALT WATER

SMALL FISH

SALT WATER

Fig. 2. Diagrams illustrating the food of small aholehole from fresh water, small aholehole from salt water,

and medium and large aholehole from salt water.

fish, the gonads were either spent or in early

stages of development of the eggs and sperm.

In two samples taken by poisoning from

Diamond Head (Dec. 22, 1951, and Dec. 23,

1952), the stomachs of all 199 fish were empty

except for one which contained sand and

gravel. In these fish the gonads were almost

fully ripe; in some cases eggs and milt would

"run” with pressure on the sides of the fish.

This indicates that the aholehole, like several

other species, ceases to feed when ready to

spawn.

SUMMARY AND DISCUSSION

As illustrated in Table 1 and Figure 2, there

are certain differences in the food of small

aholehole in fresh water, small aholehole in

salt water, and medium and large aholehole

in salt water. The small fish living in streams

eat mostly algae and insects. The small fish

living in tide pools and along rocky shores

eat mostly Crustacea and insects. The medium
and large fish living along surf-pounded cliffs,

in the caverns of the outer reef, and in other

exposed localities eat mostly Crustacea and

annelids. Whereas the crustacean diet of the

small salt-water fish consists mostly of small

copepods and amphipods, that of the medium
and large fish consists mostly of the larger

crab and stomatopod larvae. These differences,

although striking, are not unexpected. They

are doubtless related to differences in the
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dominant types of food available in the three

habitats and to an increasing ability of the

hsh to take larger organisms as it grows larger

and the gape of its mouth increases.

The large percentage of insects found in the

stomachs of small fish was unexpected. In the

fresh-water samples these were mostly terres-

trial forms (ants, beetles, etc.) which had

fallen into the water or accidentally landed

on the surface. In the salt-water samples they

included terrestrial forms (ants, wasps, etc.)

but consisted largely of midge {Clunio) adults

and larvae which breed in salt water along the

rocky shores. Insects occurred only rarely in

the stomachs of large fish and included midges

{Clunio) in those taken from the base of cliffs

and salt-water striders {Halohates) in those

taken farther from shore, as well as a few

terrestrial species.

The aholehole might be described as om-

nivorous but with a preference for motile

animal forms. Although algae of various spe-

cies were abundant in the salt-water habitat,

they were eaten to only a small extent. The

fact that they formed such a large percentage

of the food of the small fish in fresh water

was probably because motile animal life, of

a size suitable to the small fish, was relatively

scarce.

Superficially the aholehole resembles the

fresh-water Centrarchidae in both appearance

and feeding habits. However, in both the

smallmouth black bass (Tester, 1932) and the

largemouth black bass (Murphy, 1949) there

is a change in diet with increase in size to

include fish as an important food item. This

does not occur in the aholehole, even though

larval and juvenile fish of suitable size are

present in the habitat. Larval fish were found

in only four stomachs and formed a very

minor item in the diet of the larger aholehole.

From a study of the natural food, one

would infer that Crustacea would serve as an

ideal bait in angling for the medium and

large fish. This is true; we have found shrimp

to be the best bait, although the fish will also

respond to a hook baited with pellets of

bread. Both vegetable material such as bread

and poi and animal material such as ground

fish and shrimp may be used to chum ahole-

hole to the surface.

As is true of several other species, the ahole-

hole appears to cease feeding when ready to

spawn.
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Notes on Some Chiggers (Acarina: Trombiculidae)

from Southern Korea^

E. W. Jameson, Jr., and Seiichi Toshioka^

The following account is based upon

specimens collected by members of the 207th

Preventive Medicine Survey Detachment and

.the 37th Preventive Medicine Survey Detach-

ment in southern Korea. It is undoubtedly

incomplete, and the sampling may be selec-

tive: the hosts examined came mostly from

agricultural areas and near dwellings. Despite

the inevitable shortcomings of such a pre-

liminary survey, this account will serve as a

beginning for a study of the trombiculid

fauna of Korea.

The area covered by this paper is slightly

beyond that discussed by Womersley (1952)

in his voluminous work on chiggers of the

Asiatic-Pacific area; and this account is, in a

small measure, a supplement to the much
larger one by Womersley. Six species of chig-

gers were described from regions to the north

of Korea by Schluger (1948), and two of

those species have been collected in southern

Korea. Pertinent to this account is the ap-

parently heretofore largely overlooked paper

^ Studies upon which this paper is in part based

were conducted under Contract No. DA-49-007-MD-
242, between the Regents of the University of California

and the Department of the Army. The work was ini-

tiated while the senior author was associated with the

406th Medical General Laboratory and the Far East

Medical Research Unit in Japan during the period

January-October, 1952. Logistical support for the prep-

aration of the specimens and illustrations was supplied

by the U. S. Army Hospital, 8164th Army Unit, by
special arrangement with the above-mentioned or-

ganizations.

2 Department of Zoology, University of California,

Davis, California, and Department of Entomology,
406th Medical General Laboratory, Tokyo, Japan, re-

spectively. Manuscript received March 9, 1953.

by Kanda, mentioning two species of chig-

gers from Korea.

There are reported here several species pre-

viously known only from Japan, two species

described by Schluger from more northerly

regions of the Asiatic mainland, and one

species known also from North America. Two
species are described as new in this paper.

There is in preparation an illustrated account

ofJapanese chiggers, and the Japanese species

known from southern Korea are not re-

illustrated in this paper.

The illustrations in this paper were made
in Kyoto, Japan, and are the work of Mr.

M. Endo, Mr. S. Shibata, Mr. A. Shimazoe,

and Mr. K. Daishoji. These artists were under

the direct supervision of Mr. K. Yamazaki.

The bulk of the material collected was

mounted by Miss Y. Yoshida.

We would like to express our appreciation

to Major Paul W. Oman, MSC, under whose

direction and encouragement this work was

done; to Dr. James M. Brelinan for profes-

sional council in this study; to Professor Ha-

rujiro Kobayashi for calling our attention to

and loaning us a copy of the paper by Kanda;

and to Lt. Col. Robert Traub, MSC, for a

photostatic copy and translation of the paper

by Schluger.

Key to the Chiggers of Southern Korea

1. Anteromedian scutal seta absent

Gahrliepia hrennani var. ventralis

Anteromedian scutal seta present (single

or double) 2

11



12 PACIFIC SCIENCE, Vol. VIII, January, 1954

2. Anteromedian scutal setae paired; coxa I

with two setae; all legs with six segments

Shunsennia tarsalis

Anteromedian scutal seta single; coxa I

with one seta; all legs with seven seg-

ments 3

3. Sensillae capitate; palpal claw five-

pronged genus Euschongastia, 4
Sensillae flagelliform; palpal claw three-

pronged genus Trombicula, 5

4. Two pairs of humeral setae . . E. ikaoensis

One pair of humeral setae . . .E. koreaensis

5. Scutum more or less pentagonal; one or

more mastitarsalae III

subgenus Neotrombicula, 1

2

Scutum more or less rectangular; with no

mastitarsalae III

subgenus Leptotrombidium, 6

6. Ventral tibial seta of palpus feathered ... 7

Ventral tibial seta of palpus nude 8

7. Base of sensillae nude or with very min-

ute, closely appressed barbs; first post-

humeral row of setae usually .palpalis

Base of sensillae with small but con-

spicuous, divergent basal barbs; first

posthumeral row of setae usually eight

orientalis

8. With one nude seta on telofemur III;

dorsal palpal tibial seta nude; spur on

tarsus II longer than spur on tarsus I . .

subakamushi

With no nude seta on telofemur III;

dorsal palpal tibial seta feathered; spur

on tarsus II shorter than spur on tarsus I

9

9. Scutum more than twice as wide as long

.hiranumai

Scutum less than twice as wide as long

10

10. Sensillae with conspicuous, divergent

basal barbs pallida

Sensillae basally nude or virtually so . .11

11. Scutum with a pair of crescent-shaped

marks near the anterior margin; barbs on

dorsal setae short myotis

Scutum without crescent-shaped marks;

dorsal setae rather short, but with numer-

ous long barbs subintermedia

12. With three mastitarsalae III tamiyai

With one or two mastitarsalae III .... 12

13. With two mastitarsalae III ........... .

”sp.” of Kanda
With one mastitarsala III 1

3

14. With two pairs of humeral setae, .japonica

With one pair of humeral setae . . . nagayoi

Shunsennia tarsalis

Jameson and Toshioka, 1953

Shunsennia tarsalis Jameson and Toshioka,

1953. Biol. Soc. Washington, Proc. 66:

89-92.

DIAGNOSIS: Palpal femoral, genual, and dor-

sal and ventral tibial setae densely feathered;

lateral tibial seta long with 3-4 small barbs.

Palpal claw three-pronged. Galeal seta with

a few barbs. Coxal setae 2-1-1. Sternal setae

0-4. Sensellae nude. Scutal measurements of

holotype: AW-83, PW-106, SB-35, ASB-61,

PSB-20, AP-20, AM-84, AL-76, PL-126,

S-109.

DISTRIBUTION AND HOSTS: Known only

from the original data.

TYPE DATA: Holotype from {l)Clethrionomys

rufocanus; 15 miles northwest of Wonju;

March 13, 1952. One paratype with same

data and one paratype from Apodemus agrarius,

10 miles west of Chunchon; February 16,

1952. Holotype deposited at the U. S. Na-

tional Museum.

Gahrliepia (Walchia) brennani var.

ventralis Womersley, 1952

Fig. 1

Gahrliepia {Walchia) brennani var. ventralis

Womersley, 1952. So. Austral. Mus. Rec.

10 (pt. 1): 295.

DIAGNOSIS: Palpal femoral seta nude or

branched; other palpal setae nude. Palpal claw

three-pronged (stated to be two-pronged in

original description). Galeal seta nude. Scu-
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turn five-sided, the posterior sides more or

less straight and forming a right angle with

each other. Coxal setae 1-1-1. Sternal setae

2-2. Several setae between coxae II and III,

Humeral setae variable, three to five pairs.

Scutal measurements of a mean of 17 spec-

imens (given by the describer): "AW-37.5,

PW-54.1, SB-32.8, ASB-21.8, PSB-57.8, AP-

37.6, AL-27.3, PL-26.8, S-33.5.” Scutal meas-

urements of a south Korean specimen: AW-
44, PW-50, SB-35, ASB-26, PSB-49, AP-45,

AL-37, PL-35, S-34.

DISTRIBUTION AND HOSTS: Originally

known only from Ulu Langat Forest Reserve,

Selangor, from Rattus bowersi. Known in

southern Korea from an area 9 miles south-

east of Chorwon, Seoul, and in Chipori from

Microtus sp. and Apodemus agrarius.

TYPE DATA: From Rattus bowersi, Ulu Langat

Forest Reserve, Selangor, Federated Malay

States; June 13, 1950.

COMMENT: The designation of ventralis as

a variety is unfortunate, as it is probably

either a distinct species or a variation of geo-

graphic significance. If the coxal setal con-

dition in brennani is as variable as in Gahrliepia

saduski, it is of no remarkable significance.

Euschongastia ikaoensis

(Sasa et aL, 1951)

Neoschongastia ikaoensis Sasa, Sawada, Kano,

Hayashi, and Kumada, 1951. Tokyo Iji

Shinshi 26 (4): 8.

DIAGNOSIS: All palpal setae feathered. Pal-

pal claw five-pronged. Galeal seta nude. Coxal

setae 1-1-1. Sternal setae 2-2. Scutum about

2.5 times as wide as long. Sensillae pyriform.

Two pairs of humeral setae. Scutal measure-

ments of holotype: AW-61.5, PWt67, SB-24,

ASB-18, PSB-15.5, AP-21, AM-30, AL-30,

PL-39, S-33. Scutal measurements of a spec-

imen from southern Korea: AW-62, PW-78,

SB-28, ASB-22, PSB-15, AP-20, AM-28, AL-

22, PL-39, sensillae missing.

DISTRIBUTION AND HOSTS: Known origin-

ally only from Japan from Apodemus speciosus.

In Korea this was taken 17 miles southeast

of .Chorwon from Apodemus agrarius.

TYPE DATA: Holotype from Apodemus speci-

osus. Gumma Prefecture, Japan. Deposited at

the Institute for Infectious Diseases, Univer-

sity of Tokyo.

Euschongastia koreaensis n. sp.

Fig. 2

DESCRIPTION: Gnathosoma: All palpal setae

feathered; palpal claw five-pronged. Galeal

seta feathered. Cheliceral base and palpal

femur with scattered light punctae. Chelicera

with a subapical tooth or notch. Scutum: 2.5-

3.0 times as wide as long; with a few light

punctae. Sensillary bases behind a line con-

necting the posterolateral setae. Sensillae py-

riform. Scutal measurements of holotype:

AW-69, PW-86, SB-29, ASB-27, PSB-10,

AP-17, AM-35, AL-45, PL-67, S-35. Legs:

Coxal setae 1-1-1; seta on coxa III arising

from the rear edge of the sclerotized part of

the anterior margin of the coxa. Specialized

(nude) setae as follows: Leg I, 2 genualae,

1 microgenuala, 2 tibialae, 1 microtibiala, 1

spur, 1 microspur, 1 subterminala, 1 para-

subterminala, 1 pretarsala; Leg II, 1 genuala,

2 tibialae, 1 spur, 1 microspur, 1 pretarsala;

Leg III, 1 genuala, 1 tibiala. Setae: Sternal

setae 2-2-. About 40 ventral setae behind coxa

III, similar in character to sternal setae. Dorsal

setae similar to scutal setae; dorsal setal form-

mula: 2-12-12-12-6-6.

TYPE: Holotype from Rattus rattus, 17 miles

southeast of Chorwon; November 15, 1951.

Deposited in the U. S. National Museum.
Paratypes from Rattus norvegicus, 1 miles south-

east of Chorwon, and from Apodemus agrarius,

4 miles east of Inchon,

Trombicula (Leptotrombidium) palpalis

Nagayo et aL, 1919

Trombicula palpalis Nagayo, Mitamura, and

Tamiya, 1919. Jikken Igaku Zasshi 3(4):

265-312.



Chiggers from Southern Korea— JAMESON AND TOSHIOKA 15

Fig. 2 E.usc/i6n^astia kor&aensis, n. sp.
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DIAGNOSIS: Palpal femoral, genual, and lat-

eral tibial setae nude; dorsal tibial and ventral

tibial setae feathered. Galeal seta feathered.

Rear corners of the scutum rounded; sensil-

lary bases behind a line connecting the pos-

terolateral setae. Bases of sensillae with minute

barbs; sensillae plumose on the distal two

thirds. Dorsal setal formula 2-10-10-10-8-

4-2-2. Scutal measurements of a specimen

from southern Korea: AW-60, PW-64, SB-27,

ASB-27, PSB-13, AP-18, AM-42, AL-29, PL-

53, S-49.

DISTRIBUTION AND HOSTS: Erom many lo-

calities in southern Korea from Ra^Ws rattus,

R. mrvegkus, and Apodemus agrarms. This is

the first record of T. palpalis occurring outside

Japan.

TYPE DATA: Erom Microtus montehelli, Ya-

magata Prefecture, Honshu, Japan. A lecto-

type in the Institute for Infectious Diseases,

University of Tokyo.

Trombicula (Leptotrombidium)

orientalis Schluger, 1948

Fig. 3

Trombicula orientalis Schluger,

Obozr. [Moscow] 30: 157.

1948. Ent.
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DIAGNOSIS: Palpal femoral, genual, and lat-

eral tibial setae nude; dorsal and ventral tibial

setae feathered. Galeal seta feathered. Cheli-

ceral base with numerous punctae. Seta on
coxa III on anterior margin of coxa. Dorsal

setal formula: 2-8-8-8-2-2. Scutum with

posterior corners rounded; sensillary bases

far behind a line connecting posterolateral

setae. Sensillae with conspicuous, divergent

basal barbs; plumose distally. Scutal measure-

ments of a southern Korean specimen: AW-
66, PW-67, SB-31, ASB-29, PSB-14, AP-18,

AM-45, AL-40, PL-59, S-63.

DISTRIBUTION AND HOSTS: From many lo-

calities in southern Korea from Apodemus

speciosus, A. agrarhis, Kattus rattus, and R,

norvegicus. Described from wild rodents from

U.S.S.R.

TYPE DATA: Described from Clethrionomys

rufocanus and Apodemus speciosus, South Shore,

vicinity of Barabasha, U.S.S.R.

Trombicula (Leptotrombidium)

pallida Nagayo et al., 1919

Trombicula pallida Nagayo, Mitamura, and

Tamiya, 1919. Jikken Igaku Zasshi 3:

265-312.

T. hurnsi Sasa, Teramura, and Kano, 1950.

Tokyo Iji Shinshi 67(10): 22.

T. murotoensis Sasa and Kawashima, 1951.

Tokyo Iji Shinshi 68(12): 16.

DIAGNOSIS: Palpal femoral, genual, and lat-

eral and ventral tibial setae nude; dorsal tibial

seta feathered. Galeal seta feathered. Scutum

more or less rectangular, with the postero-

lateral setae in the anterior part of the rounded

posterior corners. Sensillary bases slightly be-

hind posterolateral setae. Bases of sensillae

with small but conspicuous and divergent

basal barbs; distal two thirds plumose. Seta

on coxa III well behind the anterior margin

of the coxa. T. pallida is a highly variable

species, especially with regard to the number

of dorsal setae; but the short, bushy char-

acter of the dorsal setae and the nature of the

scutum, sensillae, coxae, and gnathosoma are

fairly constant. Scutal measurements of a spec-

imen from southern Korea: AW-64, PW-72,
SB-36, ASB-29, PSB-14, AP-21, AM-55, AL-

38, PL-56, S-61.

DISTRIBUTION AND HOSTS: In Korea this

species has been taken 13 miles southeast of

Yonchon and 7 miles southeast of Chorwon,
from Rattus norvegicus and Apodemus agrarius.

Previously T. pallida was known only from

Japan.

TYPE DATA: Lectotype selected from spec-

imens collected by the original authors a-

Yachi, Yamagata Prefecture, 1919, from Mk
crotus montehelloi. Deposited at the Institute

for Infectious Diseases, University of Tokyo.

Trombicula (Leptotrombidium)
subintermedia n. sp.

Fig. 4

This species is allied to Trombicula inter-

media Nagayo et al. ofJapan and T. lanceolata

Womersley of the tropical Orient.

DESCRIPTION: Gnathosoma: Palpal femoral,

genual, and lateral and ventral tibial setae

nude; dorsal tibial seta feathered. Galeal seta

feathered. Palpal claw three-pronged. Cheli-

ceral base and palpal femur with punctae.

Chelicera with a dorsal subapical notch. Scu-

tum: More or less rectangular, slightly more
than twice as wide as long, with delicate

punctae; rear corners rounded. Sensillary bases

slightly behind a line connecting the postero-

lateral setae. Sensillae nude basally (minute

barbs visible on some specimens), plumose

distally. Scutal measurements of holotype:

AW-70, PW-77, SB-31, ASB-27, PSB-20,

AP-25, AM-50, AL-36, PL-63, S-67. Legs:

Coxal setae 1-1-1; seta on coxa III consider-

ably behind anterior margin of coxa. Special-

ized (nude) setae on legs: Leg I, 2 genualae,

1 microgenuala, 2 tibialae, 1 microtibiala, 1

spur, 1 microspur, 1 subterminala, 1 para-

subterminala, 1 pretarsala; Leg II, 1 genuala,

2 tibialae, 1 spur, 1 microspur, 1 pretarsala;

Leg III, 1 genuala, 1 tibiala. Setae: Dorsal

setae moderately short and well provided with
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Pig. 4 Tromhicula subintermo-dia, n. sp.

barbs. Dorsal setae formula: 2-8-6-6-6-4-4.

Sternal setae 2-2. About 44 small setae ven-

trally, behind coxae III.

TYPE DATA: Holotype from Apodemus agra-

rius, 2 miles southeast of Yonchon, Novem-
ber 27, 1951. Deposited in the U. S. National

Museum.
COMMENTS: T. subintermedia can be sep-

arated from T. intermedia by the dorsal setal

formulae: in T. intermedia this is 2-10-8-8-

6-4-2, considerably more setae than in sub-

intermedia; from lanceolata the new species

differs in the sensillae being nude or almost

so, whereas the original illustration of lanceo-

lata shows numerous rather long sensillae,

and the scutal measurements of lanceolata and

subintermedia differ appreciably.

Trombicula (Leptotrombidium)

hiranumai Kanda, 1942

Trombicula hiranumai Kanda, 1942. Chosen

Nat. Hist. Soc., Jour. 9(37): 174.

DIAGNOSIS: Palpal femoral, genual, and lat-

eral and ventral tibial setae nude; dorsal tibial

seta feathered. Palpal claw three-pronged.

Galeal seta feathered. Scutum rectangular,

more than twice as wide as long, with the



Fig. 5 Trombicula myotis Ewing

rear corners angulate. Sensillary bases in ad-

vance of a line connecting posterolateral setae.

Sensillae basally nude, with plumose barbs

distally. Dorsal setae arranged 2-10-8-8-7-4-2.

DISTRIBUTION AND HOSTS: Apparently

known only from the original collection;

not found in this survey.

TYPE DATA: From a cony, Ochotona hyper

-

borea, from Konkyo-hokudo. The location of

the type is not known.

COMMENT: This species resembles in some

ways T. akamushi (Brumpt) : htranumai differs

in having the scutum more than twice as wide

as long in contrast to the scutum of akamushi

which is less than twice as wide as long.

Trombicula (Leptotrombidium)

myotis Ewing, 1929

Kg. 5

Trombicula myotis Ewing, 1929- Ent. News 40:

294.
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DIAGNOSIS: Palpal femoral, genual, and lat-

eral and ventral tibial setae nude; dorsal tibial

seta feathered. Palpal claw three-pronged.

Galeal seta feathered. Cheliceral base with a

few punctae. Scutum with rear corners slightly

rounded. Sensillary bases in advance of a line

connecting posterolateral setae. Two crescent-

shaped lines near the anterior margin of the

scutum. Dorsal setae formula: 2-8-6-6-6-

4-

2. Scutal measurements of a specimen from

southern Korea: AW-65, PW-71, SB-31, ASB-

22, PSB-13, AP-24, AM-42, AL-40, PL-61,

5-

64.

DISTRIBUTION AND HOSTS: Previously re-

corded only from North America (see com-

ments below), from various kinds of bats.

In Korea T. myotis is known from Tobang-san

from Myotis sp.

TYPE DATA: Cotypes from Myotis lucifugus,

Mt. Katahdin, Maine, U. S. A. Deposited in

the U. S. National Museum.

COMMENTS: Fuller (1948, Brooklyn Ent.

Soc., Bui. 43: 106) has pointed out the sim-

ilarity between T. myotis Ewing, 1929, and

T. russica (Oudemans, 1902) ofthe Old World.

We have not had the opportunity to compare

our Korean specimens with russica, but they

are very similar to North American specimens

of T. myotis and, in our opinion, are not more

than subspecifically distinct.

Trombicula (Leptotrombidium)

subakamushi Schluger, 1948

Fig. 6

Trombicula subakamushi Schluger, 1948. Ent.

Obozr. [Moscow] 30: 157.

DIAGNOSIS: All palpal setae nude (except

setae on palpal thumb). Palpal claw three-

pronged. Galeal seta branched. Coxal setae

1-1-1. Sternal setae 2-2. Nude setae on tarsi

I and II and leg III as illustrated; spur on

tarsus II slightly longer than that on tarsus

I. Scutum rather rectangular, with the rear

corners angulate, and the rear margin slightly

undulate. Sensillary bases in advance of a line

connecting posterolateral setae. Bases of sen-

sillae nude; sensillae with scattered branches

on the distal half. Scutal measurements of a

specimen from southern Korea: AW-59, PW-
78, SB-25, ASB-28, PSB-10, AP-28, AM-36,
AL-28, PL-38, S-47.

DISTRIBUTION AND HOSTS: Previously re-

ported only from the original collection. In

Korea this species has been collected from

Myotis sp. from Tobang-san.

TYPE DATA: From Vespertilio superans from

Mt. Voroschilov, U.S.S.R.

COMMENTS: T. subakamushi resembles in

some respects T. insolli Philip and Traub,

1950, a species described from bats from

Selangor, Malaya, but the two are clearly

distinct species: In insolli the galeal seta is

nude and the scutum is approximately as long

as wide.

Trombicula (Neotrombicula) tamiyai

Philip and Fuller, 1950

Trombicula tamiyai Philip and Fuller, 1950.

Parasitology 40(1, 2): 51.

DIAGNOSIS: All palpal setae feathered or

branched. Galeal seta feathered. Cheliceral

base and segments of palpi dorsally with

numerous small punctae. Scutum rounded

posteriorly; sensillary bases behind a line con-

necting posterolateral setae. Sensillae nude

basally, with eight or more branches distally.

One pair of humeral setae. Three mastitarsalae

III. Scutal measurements of a specimen from

southern Korea: AW-60, PW-73, SB-25,

ASB-27, PSB-35, AP-17, AM-39, AL-42,

PL-49, S-6L

DISTRIBUTION AND HOSTS: Previously

known only from Japan. This species is ex-

ceedingly common in many localities in

southern Korea and was taken mostly from

Rattus rattus and R. norvegicus.

TYPE DATA: Holotype from Microtus monte

-

belloi, Okiage Village, Yamagata Prefecture;

September 17, 1920. Deposited in U. S.

National Museum.
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Fig. 6 Trombicula suhakamushi ScMuger
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Trombicula (Neotrombicula) japonica

Tanaka et al., 1930

Trombicula autumnalisjaponica Tanaka, Kaiwa,

Teramura, and Kagaya, 1930. Zentbl. f.

Bakt. 116: 353.

DIAGNOSIS: Palpal femoral, genual, and ven-

tral tibial setae feathered; lateral tibial seta

forked or nude; dorsal tibial seta nude. Galeal

seta usually nude, sometimes forked. Sen-

sillary bases approximately on a line with

posterolateral setae. Basal third of sensillae

nude; distal two thirds plumose. Dorsal setae

rather long; usually two pairs of humeral

setae. Scutal measurements of a specimen

from southern Korea: AW-81, PW-94, SB-33,

ASB-35, PSB-31, AP-33, AM-65, AL-55,

PL-75, S-88.

DISTRIBUTION AND HOSTS: Widely distrib-

uted and common in Japan; previously not

known outside Japan. In Korea taken near

Yonchon from Kattus norvegicus and Apodemus

agrarms.

TYPE DATA: Described from Microtus monte

-

helloUP) taken at Yuzawa, Akita Prefecture,

Japan.

Trombicula (Neotrombicula) nagayoi

Sasa et al., 1950

Trombicula nagayoi Sasa, Hayashi, Sato, Miura,

and Asahina, 1950. Tokyo Iji Shinshi

67(12): 14.

DIAGNOSIS: The gnathosomal features of na-

gayoi are similar to those ofjaponica, but there'

are usually fewer branches on the palpal setae.

Sensillary bases distinctly forward of a line

connecting posterolateral setae. Dorsal satae

shorter than m japonica and with more barbs.

A single pair of humeral setae. Scutal meas-

urements of a specimen from southern Korea:

AW-70, PW-91, SB-31, ASB-31, PSB-28, AP-

33, AM-45, AL-40, PL-60, S-74.

DISTRIBUTION AND HOSTS: Previously

known only from Japan where it is common
and widely distributed. From southern Korea

there are five specimens from 2 miles south-

east of Yonchon from Apodemus agrarius.

TYPE DATA: From Apodemus speciosus, Ya-

manashi Prefecture, Honshu, Japan. Holo-

type deposited at the Institute for Infectious

Diseases, University of Tokyo.

Trombicula (Neotrombicula) sp. Kanda

Trombicula sp. Kanda, 1942. Chosen Nat.

Hist. Soc., Jour. 9(37): 174.

Kanda illustrated leg III of a chigger but

did not identify or describe this species. From

the presence of 1 mastifemorala III, 1 masti-

tibiala III, and 2 mastitarsalae III, this species

belongs in the microti group of Brennan and

Wharton. This species is possibly T. pomeran-

zevi Schluger, 1948, or T. microti Ewing, 1928,

both of which have been taken in Manchuria

by Dr. Kiyoshi Asanuma.
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Fishes Killed by the 1950 Eruption of Mauna Loa

I. The Origin and Nature of the Collections

W. A. Gosline, V. E. Brock, H. L. Moore,
and Y. YamaguchE

The great volcano Mauna Loa plays

many parts in the Hawaiian community. We
are here concerned with its role as a fish

collecting apparatus. The present paper, which

is the first of a series that will deal with the

the fishes made available to us by the 1950

eruption, is limited to an account of the gen-

eral nature of our collections.

The Mauna Loa lava flows of June, 1950,

reached the sea on the Kona coast of the

Island of Hawaii at three main points (Lig. 1).

The first two of these flows dwindled to al-

most nothing a short time after entering the

water on the morning of June 2. The third

flow has far greater significance for us. It

entered the ocean somewhat to the south of

the other two (at 19°l6'N., 155°55'W.) on

the afternoon of the same day. Surges of lava

from this flow continued to pass into the sea

in quantity through June 4 and in lesser

amounts through June 7.

Whenever a heavy surge of lava hit the sea,

a large amount of steam rose from the surface

(Lig. 2). Between the peaks of the surges, jat

least during the later stages of the flow, the

moving column of lava entered the sea quietly,

unexpectedly resembling an escalator disap-

pearing through the floor of a department

store (Lig. 3) . Apparently the failure to cause

surface steam at such times was due to the

cooling and hardening of the outer layer of

^ University of Hawaii; Territory of Hawaii, Divi-

sion of Fish and Game; U. S. Fish and Wildlife Service;

and Territory of Hawaii, Division of Fish and Game,
respectively. Manuscript received January 17, 1953.

the lava column into a water-impervious shell

through which the rest of the lava flowed.

(Such conduits, now hollow and sometimes

extending for distances of more than a mile,

are well-known features of the Hawaiian ter-

restrial landscape.) Since the molten material

flowed continuously without ever filling this

shell, it can be assumed that the lava was

breaking out somewhere below. Such out-

breaks presumably produced steam explo-

sions which could be felt even in a skiff

anywhere near the flow. However, no steam

from these assumed outbreaks ever reached

the surface, nor was this to be expected unless

they had been very large or very near the

surface.

The total amount of lava entering the sea

from the 1950 eruption was estimated by

Macdonald and finch (1950: 1) at over 100

million cubic yards.

Fig. 1. Land areas covered by the Mauna Loa lava

flows of 1919 and 1950, Heights above and below sea

level given in thousands of feet. Diagonally hatched

areas: 1950 flows; those that entered the sea are num-
bered in the sequence with which they reached sea

level. Stippled area: 1919 flow. Redrafted in part from

Macdonald and Finch.
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Fig. 2, Third lava flow reaching sea level on June 3.

Concerning sea conditions around the lava

flow on June 2, Finch and Macdonald (1950:

6) state:

By 5:00 p. M. a line of steaming water, marking
the sub-sea course of the flow, extended to sea for

about half a mile from the point where the . . . flow

entered the ocean. Close to the shore and directly

over the submerged flow, the water was boiling,

and a semicircular area of hot turbulent water ex-

tended for a mile offshore. Many fish were killed

and were seen drifting or were washed up on shore

during succeeding days. The prevailing currents

drifted the area of hot water southward.

On the morning of June 3 there was a

"windrow” of dead fishes, 2 to 6 feet wide

and extending as far as the eye could see,

about 2 miles offshore from the flow. Inside

this windrow, which marked a border be-

tween murky green and deep blue oceanic

water, were other smaller, linearly arranged

aggregations of dead fishes. At approximately

half a mile from the point of entry of the lava,

the water-cooled engine of the boat from

which these observations were made became

overheated.

By the afternoon of June 3 the windrows

of fishes had broken up.

On June 6 the water in a roughly semi-

circular area several miles in radius around

the point of entry of the lava was discolored

and of dirty appearance. The relatively rare

and scattered fish carcasses were found mostly

toward the periphery of the disturbed area.

Water a quarter of a mile from the flow was

hardly warm, though a slick of upwelled hot

PACIFIC SCIENCE, Vol. VIII, January, 1954

water was still being formed closer in. The
molten lava was still pouring into the sea

continuously (Fig. 3), but in surges of greatly

varying volume. The average width of the

'Column entering the water at this time was
perhaps about 30 feet.

On June 7 lava was entering the sea in

greatly decreased volume and more or less

intermittently, ceasing completely on this day

or the next.

Four collections were made of the fishes

brought to the surface of the sea by the 1950

lava flows. On the morning of June 2 Brock

flew over the area where the lava was entering

the water and made arrangements for collect-

ing. In the afternoon of the same day Eugene

Burke and Homer Hayes of the Territorial

Division of Fish and Game took a small

number of fishes. On June 3 the U. S. Fish

and Wildlife Service vessel "Henry O’Malley,”

with Moore as scientist in charge, sent into

the area a small boat from which collections

were made in both the morning and afternoon.

On the morning of June 6 Yamaguchi col-

lected from a skiff. That afternoon Gosline,

Homer Hayes, and Ed Keen took specimens

from a sampan owned by Keen. On June 7

Hayes and Gosline returned to the area but

found almost nothing.

Circumstantial evidence is rather strong

that most of the fishes taken were brought

to the surface during the early middle stages

of the third flow. We know that the first stages

of all three flows killed mostly inshore fishes,

and we saw few of these. On the other hand,

by June 6 relatively few fishes were coming

to the surface, though live specimens were

still occasionally seen. Furthermore, speci-

mens in the June 6 collections often showed

signs ofmore or less advanced decomposition.

Some of the fishes in these collections, par-

ticularly those taken on the first two dates,

are in excellent condition. Others are not.

Some of the latter were parboiled, some were

partially decomposed, and some were both.

The myctophids collected on June 6 gave the

impression that if one looked at them in-
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tently their scales would fall off. Neverthe-

less, the specimens in these four collections

are probably in a better state of preservation

than is most deep-water fish material.

Certain highly desirable data concerning

our collections are unobtainable. For one

thing, little can definitely be said about the

depth from which these fishes came. Some of

our specimens, such as the brotulids, are deep-

water bottom forms. Others like the mycto-

phids are bathypelagic. A few probably

normally inhabit the surface layers of the open

ocean. A very few are obviously inshore forms

which had drifted into the area where we were

collecting. The maximum depth at which our

fishes were killed is likewise unknown. The

most that can be said is that the known depth

records for such fishes as Opisthoproctus

,

of

which we took five specimens, indicate that

at least some of our material is from rather

deep water, presumably greater than half a

mile.

We also do not know how representative

our collections are of the total fish fauna

living in the area. Four types of selectivity

have probably restricted the representative-

ness of our sample. Two of these are due to

our collecting methods and can be taken into

account. First, we made no effort to collect

the obviously inshore forms. Second, small

fishes were almost completely missed because

we took only what we could see and catch

with a dip net from a boat. The other possible

selective factors are: differential decimation

Fig. 3. The third lava flow entering the water several days later. Photograph by Jack Matsumoto,
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among the species in the area and differential

flotation among the species killed. These last

two factors are impossible to evaluate, and

the best that can be done is to point out their

possible effects.

Death ofthese fishes may have been brought

about by one or more of four causes: (1) the

fishes may have been killed by simple over-

heating; (2) the lava entering the water may
have introduced some directly or indirectly

lethal chemical; (3) fishes with an air bladder

may have been carried upward so rapidly by

the upwelling water as to have caused over-

expansion of this organ; and (4) the under-

water explosions, caused by the breaking out

of the molten lava from the conduits, may
have caused some mortality. We do not have

evidence that would make profitable a dis-

cussion of any of these possible causes of

death. With any of them, however, it would

seem likely that large fishes would be better

able than smaller ones to move out of the

way in time to avoid harm. The differential

in decimation between large and small fishes

may have been increased by the possibility

that the water moving in to replace that which

had upwelled carried with it small, weak

swimmers from the surrounding region into

the outbreak area.

Concerning the possibility of differential

flotation, our only evidence is from the spec-

imens we collected. With regard to these, two

questions arise. What brought them to the

surface, and, once there, why did they not

sink back to the bottom? As to the first, one

might suspect that the water heated by the

lava would make its way through the water

column above it to the surface, where it would

spread out as a thin layer. Under such a

hypothesis only the fishes from the area

around the outbreaks would be brought to

the top. Actually our collections contain epi-

pelagic and a large number of bathypelagic

fishes, as well as bottom forms. The presence

of these pelagic species can best be explained

by hypothesizing considerable mixing be-

tween the rising water and that around it.

It does seem apparent that, regardless of the

amount of mixing, fishes with a high specific

gravity would be less readily transported to

the surface than those with lighter bodies.

Likewise, among fishes with -the same spec-

ific gravity, those with a higher surface-

volume ratio, e.g., small fishes, would be

more easily carried in the upwelling water

than those with a lower surface-volume ratio.

It is possible, however, that not all the fishes

we collected were originally brought to the

surface by upwelled water, but rather that

some of them were forced up after death by

gases of decomposition.

This possibility leads into the question of

why fishes were at the surface when we got

there. Evidence from some of our specimens

indicates that their air bladders became over-

expanded and remained so after death, serving

as floats. However, others show no expansion

of an air bladder, and a large number of our

specimens presumably do not even possess

this organ. The presence of such fishes at the

surface can best be explained by hypothesiz-

ing the formation of gases in parts of the body

other than the air bladder. For example, the

two brotulids we took on June 6 had the

belly (but not the air bladder) greatly dis-

tended and empty. Most of our specimens,

however, showed no abdominal distension.

Whether decomposition gases and air bladder

expansion can explain the presence of all our

fishes at the surface seems open to question.

Whatever the full explanation is, it must take

into account the fact that, with the exception

of two jellyfishes, we found no organisms

other than fishes at the surface.

Our four collections together probably to-

tal 300 to 500 specimens distributed among

more than 20 families. Perhaps a third of the

individuals are myctophids. Except for the

Myctophidae, and to a lesser extent the Ster-

noptychidae, none of the families is repre-

sented by more than a few specimens. Among
groups unrepresented in our collections are

sharks, flatfishes, and angler fishes.

In number of species our material would
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seem to be much richer than the number of

individuals might indicate. For example^ each

of the five brotulid specimens represents a

different species. Such a representation indi-

cates the variety of fish life that must exist

in the deeper waters around Hawaii. Another

piece of evidence bears on this same point.

In 1922 Jordan reported on seven species

collected from the sea around the point of

entry of the 1919 lava flow (Fig. 1), six of

which he described as new. Of these seven

species, at least three and probably six were

not taken by us.

There appear to be only two extensive re-

ports on the deep-water fishes of the Central

Pacific (Gilbert and Cramer, 1896; Gilbert,

1905). Both of these are based on dredge

hauls made by the ”Albatross” in Hawaiian

waters. In the later paper, which summarizes

the results, Gilbert recognizes 111 species

taken below the 100-fathom line. Since 1905

occasional deep-water forms, mostly taken

by fishermen, have been added to the Ha-

waiian fauna from time to time. The only

previous paper based on Hawaiian fishes

killed by a lava flow is that by Jordan (1922)

mentioned above.

After the "Albatross” material, the 1950

lava-flow collections constitute the most im-

portant deep-water fish material yet taken in

the Central Pacific. Their value is enhanced

by the fact that, though there is some overlap,

the 1950 collections by no means duplicate

those taken by the "Albatross.” For example,

we took five species of brotulids whereas

Gilbert did not record any; conversely, in

another bottom-fish group—the flatfishes

—

Gilbert reported 13 species and we did not

take any. Such examples, though extreme,

again indicate the tremendous size of the

fauna from which our samples were drawn.

It is planned to publish reports on the va-

rious groups in our collections in this journal

as they are completed. The section on bro-

tulids has been finished and appears elsewhere

in this issue. Specimens of certain groups have

been sent out to be worked up by others:

the zeoids by Dr. George Myers, the mycto-

phids and gonostomatids by Dr. R. L. Bolin,

both of Stanford University, and the sterno-

ptychids by Miss Janet Haig, of the Allan

Hancock Foundation.

For constructive criticism and help in pre-

paring the present paper we wish to thank

Dr. R. L. Bolin, Dr. C. K. Wentworth, Mr.

T. Cromwell, and various members of the

University of Hawaii faculty.
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The Development of the Spermatophoric Mass of the Rock

Lobster, Parribacus antarcticus (Lund)^

Donald C. Matthews^

INTRODUCTION

The literature on the spermatophores of

the tribe Scyllaridea is both superficial and

scattered. Although cursory accounts of the

extruded mass have appeared for both the

Palinuridae and the Scyllaridae, few thorough

histological studies have been made. This

paper proposes to extend the knowledge of

the biology of the common Hawaiian scyl-

larid, Parribacus antarcticus (Lund)
,
through an

account of its spermatophoric development.

Although Caiman (1909: 290) in discussing

the spermatophores of Crustacea fails to men-

tion specifically the spermatophores of the

Palinuridae {sens. lat.\ he does state that in

most Macrura the spermatozoa are enclosed

in a sheath, forming a continuous cord-like

mass. Moreover, he {loc. cit.) states that, "In

Scyllarus and in the Anomura this is broken

up into separate spermatophores attached by

one end in a row on a strip of membrane."

Andrews (1912: 178), in referring to the

spermatophoric mass of Panulirus argus La-

treille, states:

When cut the interior was white and full of holes or

tubes. It suggested a very stiff cheese, but the minute

cavities were not closed vesicles but short tubes ... a

careful examination of sections shows the short, tubular

and somewhat branched cavities to be about one half

millimeter in diameter and 1 or two long, separated by
very fine walls of the dense white rubber-like material

. . . the enveloping mass is white except on the surface

where it is more or less black or grey according, ap-

parently, to the length of exposure to water.

^ Contribution No. 41, Hawaii Marine Laboratory.
2 Department of Zoology and Entomology, Uni-

versity of Hawaii. Manuscript received December 22,

1952.

Although the change in consistency and color

conforms to that observed by the author in

the extruded mass of Panulirus penicillatus

(Oliver), the observed "tubular cavities" were

probably merely the result of sections cut

through a highly contorted, continuous tube

(Matthews, 1951: 365, fig. 10).

Andrews’ description {op cit., 183) of the

external spermatophoric mass of Parribacus

antarcticus is adequate, but again his refer-

ence to an "internal . . .matrix enclosing

tubular cavities” is, as will be shown subse-

quently, erroneous.

Allen (1916), Fasten (1917), and Wilson

(1948) described the change of color and con-

sistency in the extruded spermatophoric mass

of Panulirus interruptus, but did not investi-

gate its development within the vas deferens.

The observations of Crawford and De Smidt

(1923) on Panulirus argus were also limited

to the extruded spermatophoric mass.

The nonpedunculate spermatophore of Pa-

nulirus penicillatus (Oliver) {vide Matthews,

1951) resembles the spermatophores of the

Macrura, but apparently no published ac-

counts have verified Caiman’s statement {op.

cit.) regarding the pedunculate spermato-

phores of the Scyllaridae.

METHODS AND TECHNIQUES

Twenty sexually mature Parribacus antarc-

ticus (Lund) obtained from the Honolulu

Aquarium during May, June, and July, 1952,

were used in this study. Of the 18 male re-

productive systems dissected, 6 were used to

study the nature of the testes and the coiled

vasa deferentia, 8 were vitally stained, and 4

28
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were serially sectioned. Of the two females

obtained, only one possessed a spermato-

phoric mass; this was dissected and studied.

All dissections were made on living, non-

anesthetized specimens immersed in sea wa-

ter. The carapace was opened quickly, and the

internal organs overlying the reproductive

system were removed. The testis and coils of

the vas deferens were then studied and

sketched.

Two methods were employed in vital stain-

ing with aqueous solutions of neutral red and

toluidin blue: (1) The stains were injected

into the enlarged distal portion of the vas

deferens (Fig. \d) and allowed to permeate

Fig. 1. Dissection of a mature male Parribacus ant-

arcticus (Lund), drawn to show the position of the

reproductive system, a. Transverse bridge; b, testis;

c, coiled, proximal portion of vas deferens; d, straight,

distal portion of vas deferens; e, hyaline line. (0.6X.)

its contents proximally to the testis; (2) the

vas deferens was removed from the body and

placed in the stains. Both neutral red and

toluidin blue were used in concentrations of

1:1,000 to 1:10,000. For the injection tech-

nique, solutions of approximately 1:1,000 to

1:5,000 were used; for the immersion tech-

nique, solutions of approximately 1:10,000

were used, and the vas deferens was allowed

to remain in the stain from 10 to 30 minutes.

The vas deferens was then removed from the

stain and placed in sea water for subsequent

study. Because injection tends to distend the

walls and causes the stains to permeate the

surrounding tissues, this technique was later

abandoned in favor of the more easily con-

trolled immersion method.

The walls of the vasa deferentia were then

teased open under a dissecting microscope

and the vitally stained contents studied and

drawn.

The vasa deferentia to be sectioned were

removed quickly and placed in Bouin’s fluid.

After fixation, the tissues were washed in

alcohol (70 per cent) and either cleared in

dioxan and embedded in Tissuemat, cleared

in toluene and embedded in Tissuemat, or

placed in dioxan, cleared in methyl-benzoate

(1 per cent celloidin added), washed in xylene,

and embedded inTissuemat (54-56°C.). None
of these modifications was completely satis-

factory for all regions of the vas deferens.

All gave good preparations for sectioning the

small proximal regions and poor preparations

for sectioning the large, distal regions. This

was due to the presence of the matrix (Fig.

10c) which upon dehydration had become

extremely brittle. The distal region of the vas

deferens could be sectioned only after im-

mersing the block in water, although this

resulted in some swelling of the connective

tissue. The tissues were sectioned at 10 mi-

crons, stained in standard alumhaematoxylin,

and counterstained with eosin.

The writer wishes to thank Mr. Spencer

Tinker for supplying the specimens and Mr.

James Park for making the illustrations.
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Fig. 2. A small portion of the testis and proximal

vas deferens showing results of toluidin blue immer-

sion technique. a, Sacculi; b, undifferentiated sperma-

togenic substance; c, moniliform portion; d, capsule

of ampulla; e, distinct ampullae; /, thin wall of vas

deferens. (15 X.)

sacculi Open (Fig. 2d). The sacculi of different

regions appear indistinguishable as to number
and size. Both testes are enveloped by a

delicate mesentery and penetrated by numer-

ous blood vessels.

The vas deferens (Fig. Ic) which emanates

from the testis is an extremely small, highly

coiled tube which, increasing in diameter dis-

tally, finally emerges as a large tube (d) open-

ing on the coxopodite of the fifth periopod.

A hyaline line (e) traverses most of the length

of the otherwise chalky, opaque tube, marking

the position of the internal typhlosole (Fig.

10^^). This hyaline line is prominent only in

the distal enlarged portion (Fig. id). The

DISCUSSION

The testes (Fig. lb), when freed from over-

lying tissues, resemble those of Panuliruspeni-

cillatus (Matthews, 1951: 360) in that they

form an elongate H, the right and left sides

joined by a transverse bridge {a) just posterior

to the junction of the pyloric region of the

stomach to the intestine. As in P. penicillatus,

the testes lie contiguous to the digestive tract.

Occasionally one, less frequently both, of the

portions of the testes anterior to the bridge

bifurcate, although the posterior region is

unaltered. The dissecting microscope reveals

the testis as a highly coiled, continuous, thin-

walled tube into which innumerable small

Fig. 3. A small portion of the vas deferens imme-
diately distal to the region illustrated in Figure 2,

showing results of toluidin blue immersion technique.

a, Secretion which envelops the already encapsulated

ampullae; b, sheath between successive ampullae. (15 X.)

Fig. 4. Diagram of a small portion of the vas deferens

immediately distal to the region illustrated in Figure 3,

showing the results of immersion technique, a, Suc-

cessive encapsulated ampullae; b, sheath surrounding

encapsulated ampulla; b', ribbon-like sheath between

successive ampullae; c, twisted, ribbon-like sheath.

(15X.)

numerous coils of the proximal portion are

not constant either as to number or direction

of their turns, as none of the vasa deferentia

studied was identical.

All regions of the vas deferens fail to exhibit

muscular contractions and are quiescent even

when exposed quickly. There were no inter-

mittent contractions which are so character-

istic of certain vasa deferentia. Whereas the

persistent mobility of the vas deferens of

Dardanus asper (Matthews, 1953: 258) may be

related to its stamina, the apparent immobil-

ity of the vas deferens of P. antarcticus may be

related to its debility. The cessation of con-

tractions in the altered, exposed vas deferens

obscures the mechanical aspect of spermato-

phoric development. Vital staining is there-
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fore invaluable in. discerning the effects of

contractions in the unaltered vas deferens.

Figure 2 illustrates the results of immersing

a small portion of the testis and the proximal

region of the vas deferens in toluidin blue.

Here the thin wall of the vas deferens (/)

affords rapid penetration of the stain, and the

absence of the matrix (Fig. 10c) makes clear

the developing spermatophore. The undiffer-

entiated spermatogenic -substance (Fig. 2b)

is seen as it enters the vas deferens. As it

traverses the vas deferens, this undifferentiated

spermatogenic substance becomes moniliform

(c) and, acquiring a capsule {d), separates

into distinct ampullae {e).

a h

Fig. 5. Diagram of a dissected portion of the vas

deferens immediately distal to the region illustrated in

Figure 4, showing the results of immersion technique.

a, Widely separated encapsulated' ampullae; b, highly

twisted, ribbon-like sheath. (15 X.)

Figure 3 illustrates the results of the im-

mersion technique on a small portion of the

vas deferens immediately distal to the region

illustrated in Figure 2. A new sheath {a) now
envelops the already encapsulated ampullae

and occupies the space between successive

ampullae {b)

.

The results of the immersion technique on

a small portion of the vas deferens immedi-

ately distal to the region illustrated in Figure

3 are shown in Figure 4. The successive am-

pullae {a) are now more widely separated.

The sheath {b) which envelopes the already

encapsulated ampullae is thin and between

successive ampullae is now ribbon-like (b^).

In the distal portion of this region the ribbon-

like sheath connecting successive ampullae

is twisted (c).

Figure 5 is a diagram of a dissected portion

of the vas deferens immediately distal to Fig-

ure 4. The ampullae {a) are widely separated

Fig. 6. Diagram of a dissected portion of the vas

deferens distal to the region illustrated in Figure 5.

a, "Elevated” ampullae; b, entwined, twisted ribbons.

(15X.)

and the connecting sheath (b) is more highly

twisted.

A diagram (Fig. 6) of a dissected portion

of the vas deferens distal to Figure 5 shows

the ampullae {a) less widely separated and

"elevated” by the entwining of their already

twisted connecting sheaths {b).

Serial sections substantiate what vital stain-

ing has so far revealed and enable one to

determine the origin of the various secretions.

Figure 7 is a cross section through the vas

deferens in the region indicated by b of Figure

2. The undifferentiated spermatogenic mass

{a) occupies the almost circular lumen (b).

The wall of the vas deferens is here composed

Fig. 7. A cross section through the vas deferens in

the region indicated by b of Figure 2. a. Undifferen-

tiated spermatogenic mass; b, circular lumen; c, wall

of vas deferens; d, epithelial layer. (134X.)
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Fig. 8. A cross section through the vas deferens in

the region indicated by c of Figure 2. a. Crypt-like

fold of the epithelium; b, spermatids; c, secondary

spermatocytes; d, capsule secretion; e, primary sper-

matocytes. (106X.)

of a thin muscular and connective tissue layer

(c), and a thin layer of epithelium {d). In

Figure 8 the spermatophoric capsule is being

laid down by a secretion {d) of the crypt-like

folds of the epithelium id)- It is significant

that spermatogenesis is taking place. Primary

spermatocytes (^), secondary spermatocytes

(c), and spermatids ih) are clearly discernible.

Figure 9, a cross section through the vas

deferens in the region indicated by a of Figure

3, shows the secretion of the sheath {h) around

the already encapsulated ampulla (c).

Figure 10 is a stereogram of the vas deferens

through the region indicated by d of Figure

1. The ampullae {a) are "elevated” and the

already twisted connecting ribbon-like sheaths

are entwined The matrix (c), the copious

secretion of the typhlosole id), has forced the

spermatophores to lie opposite the hyaline

line {e).

Figure 11 is a drawing of a portion of a

female sternum {a) and a partially dissected

spermatophoric mass. The hard, darkened

outer portion of the matrix {h) envelops the

less hardened matrix (r) which contains the

ampullae {d) attached to doubly twisted

peduncles.
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The undifferentiated sperm mass emanates

from the testis probably because of the con-

tinuous activity of the germinal epithelium

lining the sacculi. In the proximal portion of

the vas deferens, not more than 4 or 5 milli-

meters long, this undifferentiated spermato-

genic material is both moved along and

molded into a continuous moniliform mass,

presumably by the muscular contractions of

the wall. In this same region of the vas defer-

ens the crypt-like folds of the epithelium

produce a secretion which forms the thick

capsules of the now distinct ampullae.

As the encapsulated ampullae traverse the

vas deferens, the epithelium produces another

secretion, the sheath, which both surrounds

the already encapsulated ampullae and fills

the intervening spaces. Less than 1 centimeter

of the proximal vas deferens is traversed be-

fore the portions of this sheath lying between

adjacent ampullae are compressed into a thin,

delicate ribbon, probably by contractions of

the wall of the vas deferens. Because of the

immobility of the dissected vas deferens, the

process was not observed.

The chalazal twisting of the connecting

ribbons probably is due to the rotations of the

a

Fig. 9. A cross section through the vas deferens in

the region indicated by a of Figure 3. a. Epithelium;

b, sheath secretion which surrounds the encapsulated

ampullae; c, capsule. (125 X.)



Spermatophoric Mass of the Rock Lobster •— Matthews 33

ampullae as the coils of the proximal region

of the vas deferens are traversed. The "draw-

ing together” of the ampullae probably is also

the result of the shortening of the ribbons due

to this twisting. Moreover, the entwining of

the already twisted ribbons to form the stalk

or peduncle is also a result of this process.

The secretion of the typhlosole now sur-

rounds the already formed spermatophores

and by its accumulation forces the continu-

ous, pedunculate spermatophores against the

wall of the vas deferens opposite the hyaline

line.

As the spermatophores traverse and finally

accumulate in the enlarged distal portion of

the vas deferens, the process of spermato-

genesis is completed. The primary spermato-

cytes have undergone two successive divi-

sions, and the spermatids have metamor-

phosed into mature spermatozoa.

It is at this stage of development that the

spermatophoric mass is placed on the sternum

of the female and, as described by Andrews

{op. cit.), darkens and hardens when it is ex-

posed to sea water. The dissected spermato-

phoric mass reveals not a series of tubular

cavities but a continuous thread-like ribbon

(or two ribbons if both vasa deferentia have

participated) from which the pedunculate

spermatophores extend.

Fig. 10. Stereogram of the vas deferens in the region

indicated by d of Figure 1. a, "Elevated” ampullae;

b, entwined, twisted ribbons; c, matrix; d, typhlosole;

e, hyaline line. (25 X.)

Fig. 11. a partially dissected spermatophoric mass
taken from the sternum of the female, a. Portion of
sternum; b, hard, dark portion of matrix; c, soft, light

portion of matrix; d, ampullae attached to doubly
twisted peduncles. (3.5 X.)

It should be recalled that only one female

was observed which possessed the spermato-

phoric mass. The actual process of sperm

liberation was not observed, but the scratched,

hardened matrix, together with the special-

ized claws {vide Andrews, op. cit.), suggest a

mechanical method.

The results of this investigation may lead

to speculations on the systematic position of

the Scyllaridae. Although the spermatophores

of Parribacus antarcticus are intermediate be-

tween those of the nonpedunculate spermato-

phores of a palinurid {Panulirus penicillatus)

and the pedunculate spermatophores of a

pagurid {Dard-anus asper), an inference that

Parribacus antarcticus is intermediate between

these forms is not warranted. Anatomical, em-

bryological, and serological evidence should

accompany such spermatophoric evidence,

and this should be drawn from many species

representing many genera.

The present study on the spermatophores

of P. antarcticus should serve to question the

interpretation placed on the function of the

peduncle. The origin of the seemingly sig-

nificant peduncle may have been only the

fortuitous occurrence of mechanical and phy-

siological activities of the vas deferens with

little regard for the elevation of the ampullae

and the subsequent dispersal of the sperma-

tozoa. Certainly, in P. antarcticus the peduncle

serves no such useful purpose, inasmuch as

the hard enveloping matrix prevents the am-

pullae from being held "aloft.”
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Bibliographic Notes on G. Forster’s

"'De plantis esculentis insularum oceani australis” (1786)

E. D. Merrill^

There are certain overlooked aspects of

G. Forster’s small book of 80 pages issued

in 1786. The first is that there were two edi-

tions, one the doctorate thesis printed at Ha-

ke ad Salam in 1786 and a reprint of this with

a new title page issued in Berlin in the same

year; and the second aspect is that various

new names, with very ample descriptions,

were herein published anterior to their ap-

pearance in Forster’s Prodromes, in which only

very short diagnoses were provided.

No date closer than the year appears on ei-

ther edition, both bearing the legend: "Datum
Vilnae Fithuanicae, anno MDCCLXXXVI.’’
I have detected no differences in the technical

parts, pages 25-80, but the Halle edition (the

thesis) carries a l4-line footnote on page 19

which was eliminated in the Berlin issue,

whereas the former bears at the end of the

introduction, page 20, the name Georgivs

Forster, and the latter D. Georgivs Forster.

One can only conclude that the Halle issue

appeared first and the Berlin edition some-

what later. The eliminated footnote is inter-

esting, and, as it throws some light on what

happened, it seems desirable to reproduce it

here:

Dedarat in pater optimus, flagitanti amico ut aliquot

centurias plantarum ex Itinere relatarum, magni nom-
inis Viro et modo non montes auri pollicenti ea tamen
lege atque omine, dono concederet, ne iis quisquam
uteretur, ad descriptiones ex siccis speciminibus pa-

randas; quum scilicet easdem Pater et Ego juncta opera

evulgare nobis proposuissemus. Verum in Supplemento

'Plantarum Systematis Vegetabilium a CAROLO a linne
Filio Brunsvigae 1781, edito, in qualibet pagina plantis

^ Arnold Arboretum, Harvard University, Jamaica
Plain 30, Massachusetts. Manuscript received Novem-
ber, 18, 1952.

Oceani Pacifici, Botanophili mirantur iam nunc nomen
Equitis Baeck, adscriptum; qui nunquam hoc mare
adiit.

Sic Vos non Vobis

Hos ego versiculos feci, tulit alter honores!

It was customary in the eighteenth century

often to add to labels or to statements added

to herbarium sheets (and thus mentioned in

publications) the name of the donor rather

than the name of the collector, when a set

of specimens had been received as a gift from

an intermediary. Abraham Baeck (or Back)

was one of Linnaeus’ most intimate friends

and was accustomed to acquire botanical ma-

terial from time to time and to present the

specimens to Linnaeus. It was unquestionably

Baeck who purchased a set of duplicates of

the Forster Collection. As Linnaeus died early

in January, 1778, these specimens found their

ultimate resting place in the herbarium of the

son. This in turn was acquired by Sir James
Edward Smith when he purchased the entire

Linnaean Herbarium; but the herbarium of the

younger Linnaeus was distributed into the

Smith Herbarium, now maintained separately

at the Linnaean Society in London. Willdenow

continued this system as he built up his large

herbarium which is, as to specimens, the basis

of his greatly amplified edition of Linnaeus’

Species plantarum, 1797-1824. Another strange

practice that was continued up to at least the

middle of the nineteenth century in some
botanical centers was the writing of the name
of the species and that of the collector on the

herbarium sheets and the discarding of the

original labels and notes (if any).

Thus it is that in the younger Linnaeus^

Supplementum plantarum (1781) the references

35
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to his new species based on Forster collec-

tions from Tahiti, New Zealand, and else-

where are such that one would infer that Baeck

was the collector. Examples are Aeschynomene

coccinea L.f., and Melaleuca villosa L.f., "Equ.

Back,” Anthoxanthum crinitimi L.f., ”Eques

Back,” etc., as well as included}. R. and G.

Forster species credited to Baeck as their

source although the specimens were collected

by the Forsters.

Surely the younger Forster was wisely ad-

vised in eliminating the footnote above quoted

when the Berlin issue of his minor work was

printed. After all, from the liberties he took

with numerous Solander names, he certainly

had little justification in criticizing the actions

of others whose work impinged slightly on

his own tardily developed field. There are at

least hints that there were some rather caustic

letters from Forster to the younger Linnaeus,

but I have not followed this lead, such data

being irrelevant now.

In our day, when sets of duplicates are sold

by collectors, the situation is different than

it was in earlier times, because now no reserva-

tions are made or implied. It is safe to assume

that the sets of Forster specimens recorded

by de Candolle as being at Paris and at the

University of Kiel were actually sold by the

older Forster, because of his financial straits

following the London debacle in 1777 caused

by his breaking of his signed agreement not

to publish a journal of Cook’s second voyage.

This restriction was neatly by-passed: the son,

17 years old when the expedition left England,

is the indicated author, as nobody thought of

requiring him to sign an agreement not to

publish an account of the trip. It seems to be

clear that the father contributed materially to

it, or at least guided his son in the prepara-

tion' of the text. At any rate the younger

Forster’s account of the voyage was pub-

lished in both English (London, 1777) and

German (Berlin, 1778), the former several

months before Cook’s official journal was

issued in London in 1777.

This strange act alienated all the Forsters’

friends and supporters in England and nat-

urally offended the Admiralty. The situation

became so acute that neither father nor son

was able to secure remunerative employment
in that country. Thus they were forced to

return to Germany, their situation being ame-

liorated by the elder Forster’s receiving an

appointment at the University of Halle in

1780. A brief summary of this nov/ more or

less forgotten episode appears in the bio-

graphical sketch of J. R. Forster included in

volume fifteen of the Rees Cyclopedia (1810).

In it there is a beautiful example of British

understatement regarding this episode: . .the

father was supposed to have had a consider-

able share in it.” Stansfield in 1933 summar-

ized the episode thus: "This action of the

Forsters, which was admittedly sharp practice,

prevented their obtaining further posts in this

country, and for a time they both fell on lean

times”—another example of British under-

statement. This is no reffection on the ability

of the individuals concerned, as they were

both highly educated, able, and productive;

but today we would say that they were dis-

tinctly unethical. However, for practical pur-

poses the action taken by them in London in

underhandedly breaking the signed agreement

appertaining to the journal prevented much
further detailed consideration of results of

their field work in the Pacific, because at that

time it was only in London that library facili-

ties and extensive reference collections were

available to them. What the younger Forster

later accomplished on the Pacific collections

was in no respect noteworthy, and what was

published came approximately a decade after

the London debacle. I have not elaborated

this episode in detail because certain docu-

ments are not available to me, but William

Wales (1778) apparently took some part in

the controversy, to which the younger Forster

responded (1778).

I had noted, incidentally, that most of the

new species of Forster f. which appeared with

very ample descriptions ifi De plantis esculentis

(1786) appeared also in the Prodromus (1786)
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with exasperatingly short diagnoses consist-

ing of but one or two to three or four (rarely

five) lines. The introduction is dated at Vilna,

Lithuania, June 30, 1786. It was published in

Gottingen. Moreover, in the Prodromus, in

almost every case where the same new species

was involved, there was a reference to the

binomial and to the page where it appeared

in De plantis esculentis. This is proof that the

latter work was printed before the Prodromus

was published. Because the descriptions of

new species appearing in De plantis esculentis

are in general very ample, in contrast to the

greatly abbreviated Prodromus diagnoses, I

was naturally surprised to note that in bo-

tanical literature nearly all references are to

the Prodromus rather than to the earlier De

plantis esculentis.

The priority of issue of De plantis esculentis

over the Prodromus is ’again proved by the

reviews of both works appearing very shortly

after the small volumes were published: In the

Gottingische Anzeigen von gelehrten Sachen (vol-

ume three for 1786, the September 25 number,

pp. 1538-1542) there is an ample review of

De plantis esculentis (the Berlin issue, not the

original thesis), while the Prodromus has an

equally ample review in the November 13

number (pp. 1816-1820). This is a spread of

over IV2 months. The net result of these in-

vestigations is a series of corrections to the

entries in Index Kewensis, in which the refer-

ences are to the Prodromus. One striking thing

indicating the unfinished character of the

Prodromus is that, among approximately 75

vascular cryptogams so briefly diagnosed as

to be scarcely described, more than 30 of the

new species are not even localized; and the

vast region from which the specimens came

extends from Easter Island and the Marquesas

to Tahiti, the Friendly Islands, New Zealand,

New Caledonia, and the New Hebrides. The
real importance is that the Prodromus entries

are merely one- to three-, rarely four- to five-

line diagnoses, whereas the earlier published

descriptions in De plantis esculentis are, for the

most part, in great detail.
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In the following lists, the dagger (f) pre-

ceding a specific name indicates a correction

to the Index Kewensis entries and the asterisk

(*) an unlisted binomial.

Areca fsapida Soland. ex Forst. f., PL Es-

culent. 66, 1786, Prodr. 94, 1786. New
Zealand. = Rhopalostylis sapida (Soland ex

Forst. f.) Wendl. & Drude. The data apper-

taining to this New Zealand species in the

first reference are notes rather than a tech-

nical description; the second entry is a

nomen nudum.

Avicennia fresinifera Forst. f., PL Esculent.

72, 1786, Prodr. 45, 1786. New Zealand.

This is currently but erroneously reduced

by most workers to A. officinalis L., a spe-

cies with flowers 10 to 15 mm. in diameter,

its type from Ceylon, and which is not

known farther to the southeast than New
Guinea. The New Zealand form with very

much smaller flowers, 2.5 to 5 mm. in

diameter, is A. marina (Forsk.) Vierh. var.

resinifera (Forst. f.) Bakh. (BuL Jard. Bot.

Buitenz. III. 3: 103, 210, pi. 16, 1921).

Cocos *rubra Forst. f., PL Esculent. 67,

1786, nom., nota, sub Areca sapida Soland.

Tonga. = Cocos nucifera L. Forster f. merely

stated: ”Huius forte generis [Areca] est

Niu-gula, (Cocos rubra), Palma, cuius

Cookius meminit in Tonga insula, itineris

novissimi tomo I. p. 332.” The reference is

to Cook’s account of his third voyage

(1784: 332 ). His neeoogula, or red coconut,

is mentioned as a kind of cabbage tree not

distinguishable from the coconut, with an

insipid tenacious kernel, the fruits scarcely

2 inches long assuming a reddish cast when

ripe. In spite of the indicated small size

of the fruit, this is certainly a teratological

form of Cocos nucifera L.

Convolvulus fchrysorhizus (Soland.) ex

Parkinson, Jour. 37, 1773, nom., nota; So-

land. ex Forst. f., PL Esculent. 55, 1786,

nom., nota ampL, Prodr. 89, 1786, nom.

nud. = Ipomoea batatas (L.) Poir. In his

long discussion Forster f. gave the range
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as from Easter Island to New Zealand,

considering it correctly as merely a form

or variety of Ipomoea batatas (L.) Poir., the

common sweet potato. He compiled other

information from Rumphius, indicating the

significance of the names used for it in the

Moluccas before about 1680 {castila, uhy-,

ima-, and Uitu-castila, and camotes), these

names having been introduced there from

the Philippines. However, the sweet potato

was first recorded from Guam, Cebu, and

the Moluccas by Pigaletta when these is-

lands were first discovered by Magellan

in 1421, a too often overlooked record.

The name camotes is of Mexican origin.

Coriaria fsarmentosa Forst. f., PI. Esculent.

46, 1786, descr. ampL, Prodr. 71, 1786,

diagn. New Zealand. The first reference is

to a very detailed one-and-one-third page

description, the second to a four-line

diagnosis.

Crataeva t^eligiosa Forst. f., PL Esculent.

45, 1786, descr. ampL, Prodr. 35, ampL,

Prodr. 35, 1786, diagn. Tahiti and the So-

ciety Islands. The first reference is to a

detailed, 40-line description, the second to

less than a full line diagnosis. Here Forster

f. appropriated Solander’s name as his own,

as he did in many other cases.

Dracaena findivisa Forst. f., PL Esculent.

64, 1786, descr. ampL, Prodr. 24, 1786,

diagn. New Zealand. = Cordyline indivisa

(Forst. f.) Steud. The contrast here is a

two-line diagnosis in the Prodromus to a

60-line detailed description and discussion

in the original place of publication.

Ficus faspera Forst. f., PL Esculent. 36,

1786, descr. ampL, Prodr. 76, 1786, diagn.

New Hebrides (Tanna). In contrast to the

two-line diagnosis in the Prodromus, the

earlier description cited consists of about

15 lines and was based on specimens from

Tanna. In the Prodromus, Namoka is also

listed; this is Nomuka in the Tonga group.

Ficus tgranatum Forst. f., PL Esculent. 37,

1786, Prodr. 76, 1786. New Hebrides

(Tanna). The first published description

consists of about 20 lines, the diagnosis

published later in the same year consists

of three lines.

Lepidium foleraceum Forst. f., PL Esculent.

69, 1786, descr. ampL, Prodr. 46, 1786,

diagn. New Zealand. The first published

description is a greatly detailed one of 35

lines; the diagnosis published later in 1786

consists of two lines only. Limited to New
Zealand and neighboring islands.

Lepidium fpiscidium Forst. f., PL Esculent.

70, 1786, Prodr. 46, 1786. Huaheine (east-

ernmost of the Leeward group. Society

Islands) and "botanices insula ad novam
Caledoniam adjacente.” Solander had this

written up in his unpublished manuscript

under a different specific name from Eimeo,

Huaheine, Ulaietea, Tahiti, and Otaha, and

observed: ”.
. . copiosissime autem in in-

sulis depressionibus Oceani Pacifici.” The
original and first published description by

Forster f. is in great detail, about 30 lines;

the later published diagnosis of two lines

only, but in the Prodromus, between Bo-

tanices insula and Huaheine, he added

Teautea. Botanices insula is between New
Caledonia and the Isle of Pines.

Maba tmajor Forst. f., PL Esculent. 54, 1786,

descr.. Prodr. 92, 1786, nom. nud. Friendly

Islands. The first published description is

a rather cursory one consisting of 11 lines,

but therewith Forster f. records having ob-

served the species on Tongatabu, Namoka
[Nomuka], Euwa, Hopai, and other islands

in the Friendly group.

Solanum javiculare Forst. f., PL Esculent.

42, 1786, Prodr. 18, 1786. New Zealand.

The original and first published descrip-

tion is a detailed one of nearly 30 lines, the

later diagnosis consists of two lines only.

Known also from Tasmania, Australia, and

Norfolk Island.

Solanum fviride (Soland.) ex Parkinson,

Jour. 38, 1773, nom., nota; Solander ex

Forst. f., PL Esculent. 72, 1786, nom., nota.

Prodr. 89, 1786, nom. nud. Society Islands,

= 5. uporo Dunal. Parkinson provided no
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description, and the little that Forster f.

wrote about it was taken entirely from the

former’s data. Parkinson’s entire statement

about the Tahitian pouraheitee was, "The

leaves of this plant, baked, are eaten as

greens.’’ Solarium anthropophagorum Seem.

(1862) is a synonym.

Spondias fdulcis (Soland.) ex Parkinson,

Jour. 39, 1773; Forst. f, PL Esculent. 33,

1786, descr. ampl.. Prodr. 34, 1786, diagn.

Society and Friendly Islands. The detailed

description in De plantis esculentis consists

of about 50 lines, the species is there cred-

ited to both the Society and the Friendly

Islands; "in Taheiti frequentissima.’’ In

the Prodromus only the Society Islands were

mentioned, and the diagnosis was limited

to six words. Here Forster appropriated

Solander’s unpublished binomial (Solander

MS., p. 257). There is a Parkinson plate

and also a Forster one. These documents

are at the British Museum (Nat. Hist.).

Among all the new species of Solander

actually considered by Parkinson in 1773,

the latter’s descriptive notes on this Spon-

dias present, I judge, his nearest approach

to a botanical description. If this be not

accepted, then the next older name is

Mangifera pinnata L. f. (1781) = Spondias

pinnata (L.f.) Kurz; and the next validly

published name, Spondias cytherea Sonn.

(1783), was based on material grown in

the lie de France from seeds introduced

by Commerson direct from Tahiti. (Com-

merson was the botanist on Bougainville’s

expedition that visited Tahiti in 1768 be-

tween Captain Wallis’s discovery of the

island in 1767, and Captain Cook’s first

visit in 1769).

Terminalia tglabrata (Soland.) ex Parkin-

son, Jour. 40, 1773, nom., nota; Forst. f,

PI. Esculent. 52, 1786, descr. ampl.. Prodr.

74, 1786, diagn. Society and Friendly Is-

lands. The species as first amply described

by Forster f. in his De plantis esculentis

(nearly 50 lines) is a distinct one, confused

by some workers with the very different
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T. catappa L. His later diagnosis in the

Prodromus consists of four words only.

Tetragonia fhalmifolia Forst. f, PI. Es-

culent. 67, 1786, descr. ampl, Prodr. 39,

1786, diagn. New Zealand and the Friendly

Islands. = Tetragonia expansayims. (1783).

The usually cited later publication of the

binomial consists of 12 words; the earlier

published detailed description occupies

about 40 lines of type.

SIXTEEN OVERLOOKED "BINOMIALS”

IN Musa

It is somewhat disconcerting to note that

on pages 29 to 32 of George Forster’s De
plantis esculentis there are 16 validly published

but unlisted Musa binomials, all based on the

data recorded by Rumphius in 1747 (pp.

130-133). Although Rumphius is mentioned

in the discussion, there is no direct reference

to the Herbarium Amhoinense under any of the

binomials; yet the sequence of the arrange-

ment of the taxa are the same in both works,

and the Malaysian native names listed by

Forster f. are the same as those recorded by

Rumphius. Thus there is no doubt as to the

source of the younger Forster’s data. All of

these "species” are forms of the Musa para-

disiaca = Musa sapientum complex, unless one

or two of them might eventually prove to

belong with M. troglodytarum L. {M. fehi

Brotero) . Rumphius was not misled but spoke

of these as varieties. We are now assured by

the geneticists (and this is apparently correct)

that both the Linnaean "species,” Musa para-

disiaca L. and M. sapientium L., are derivatives

from Musa halhisiana Colla and M. acuminata

Colla. In these modern days it is improbable

that any taxonomist would think of applying

a binomial to any of these Musa forms, yet

Forster f ennobled all of them in 1786 by

assigning binomials and providing Latin de-

scriptions. They are:

Musa *acicularis Forst. f
,
PI. Esculent. 30,

1786.

Musa *coarctata Forst. f
,

1. c., 32.

Musa *coriacea Forst. f, 1. c., 30.
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Musa *cornicuIata Eorst. f., 1. c., This

eliminates M. corniculata (1790), and

M. corniculata Kurz (1878).

Musa *dorsata Eorst. f., 1. c., 31.

Musa *exsucca Eorst. f., 1. c., 29-

Musa *fatua Eorst. f., 1. c., 32.

Musa *granulosa Eorst. f., 1. c., 31.

Musa *lunaris Eorst., f., 1. c., 32.

Musa *mensaria Eorst. f., 1. c., 30. This

replaces M. viensaria Moench. (1794).

Musa *papillosa Eorst. f., 1. c., 32.

Musa *pumila Eorst. f., 1. c., 32.

Musa *punctata Eorst. f., 1. c., 31.

Musa *purpurascens Eorst. f., 1. c., 31.

Musa *regia Eorst. f., 1. c., 31.

Musa *tetragona Eorst. f., 1. c., 30.

These 16 binomials appertain to forms oc-

curring in the Moluccas and in other parts of

Malaysia. They are strangely hidden in a little

book otherwise appertaining strictly to Poly-

nesia, New Zealand, and very slightly to the

New Hebrides and New Caledonia.
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On the Genus Felisacus Distant

(Heteroptera; Miridae; Bryocorinae)

T. E. Woodward^

The genus Felisacus Distant includes 16

species of elongate, transparent winged bugs

of the subfamily Bryocorinae, with a mainly

tropical and subtropical distribution in the

Western Pacific and Indian Ocean areas. Spe-

cies are recorded from Madagascar, Sey-

chelles, Ceylon, Burma, Malaya, Formosa,

Philippines, Guam, Borneo, Java, Amboina,

New Guinea, Australia, New Zealand, Fiji,

and Samoa. In the course of this paper a

division of the genus into two or possibly

three species-groups or subgenera is dis-

cussed. One of these groups is mainly north-

ern Pacific in distribution (S.E. Oriental re-

gion), the second mainly southern Pacific

(apparently centred on the Australasian re-

gion), while the third (and tentative) group

borders mainly the Indian Ocean.

The only host plants recorded for species

of this genus are ferns, and all the evidence

indicates a preference for and probable re-

striction to ferns as food plants of these bugs.

Extensive sweeping over a period of several

years in New Zealand has yielded no speci-

mens of F. elegantulus from any other plants

but low-growing, bracken-like ferns, and then

only in rather damp, stream-side localities

shaded by trees, where a large series, including

nymphs as well as adults, has been collected

in a very limited area. This last preference

may perhaps be correlated with a tropical

origin of the genus in regions where the char-

acteristic vegetation cover is rain-forest. The
whole subfamily Bryocorinae, indeed, is dis-

^ Department of Entomology, University of Queens-
land, Brisbane, Australia. Manuscript received Novem-
ber 6, 1952.

tributed preponderantly, though not exclu-

sively, in the wet tropics and is represented

most strongly in Central and South America.

The fern-frequenting habit of numbers of

species belonging to other genera of Bryo-

corinae is well known and probably applies

also to a good proportion of the species for

which no host records are yet available. The

habit seems commonest in the tribe Bryo-

corini, members of the tribes Odoniellini and

Monaloniini apparently having a very divers-

ified host range. By no means all Bryocorini

are fern- dwellers, but the tribe as a whole does

show an unusual preference for ferns, which

seem from the records to be neglected by

most other mirids. The Bryocorinae are gen-

erally regarded as a morphologically rather

primitive mirid group and, while the pref-

erence of many of them for a relatively archaic

group of plants may be coincidental, there is

the possibility of its being a retained prefer-

ence. This, of course, touches on highly hy-

pothetical ground, but the host preference of

insects is an interesting and fundamental, if

still at present rather obscure, problem, and

it seems to the writer that this case suggests

some possibilities that are susceptible of test.

Useful evidence might be accumulated by the

identification, wherever possible, of the host

plants of Felisacus and of other genera of

Bryocorinae. It would be interesting, for ex-

ample, to see whether there is any general

phylogenetic correlation between the species

and genera of Bryocorinae and the genera or

families of plants on which they feed, or

whether the preference for ferns, where it

exists, extends no further than the nature of

41
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the food and other products of metabolism

of ferns as contrasted with those of higher

plants.

There is what appears to be a somewhat

analogous case among the Hemiptera in the

archaic homopteran family of Peloridiidae,

which require a substratum of continuously

moist mosses or lichens. In this instance both

the general type of host plant and the asso-

ciated high humidity seem to be necessary.

It might be possible to test to what extent

the host preference of any particular species

of Bryocorinae is due to a dependence on the

host plant itself or upon the habitat condi-

tions in which the host normally lives. Such

preference may be related not only to food

needs but also to requirements of oviposition.

The writer has seen no reference to the ovi-

position habits of those Bryocorinae living

on ferns, but from what is known of their

life histories it would seem likely that they

insert their eggs in the food plant,
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Genus Felisacus Distant

Liocoris Motschoulsky, 1863. Bui. Soc. Imp.

des Naturalistes de Moscou 36(2): 86 (pre-

occupied by Liocoris Fieber, 1858).

Felisacus Distant, 1904. Fauna Brit. India,

Rhynchota 2(2): 434, 438 (new name for

Liocoris Motsch.). Poppius, 1912. Acta So-

cietatis Scientiarum Fennicae 41(3): 181-

182 (redescription).

Hyaloscytus Reuter, 1905. Ofversigt af Finska

Vetenskaps-Societetens Forhandlingar 47

( 5 ): 1-2 .

Felisacus elegantulus (Reuter)

Hyaloscytus elegantulus Reuter, 1905, Ofv. Fin-

ska Vetensk. -Soc. Forhandl. 47(5): 2, fig. 1.

Felisacus elegantulus (Reuter) auct.

STRUCTURE: Width of head across eyes less

than 1.5 times the length (15.75:12; 17:12);

interocular space nearly or quite twice as wide

as eye (8:4.5; 8:4). Basal 0.25 to 0.33 of head

cylindrical, forming a collum separated from

rest of head by an annular constriction, in

front of which the crown is moderately raised

and convex; from constriction, sides convexly

diverging to posterior margins of eyes, where

head is 0.75 as wide as across eyes; basal

collum about 0.8 as wide as head at base of
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eyes and nearly 0.66 as wide as across eyes

(11:17). Rostrum reaching to middle coxae.

Antennae with segment I cylindrical, with

long, erect, sparse hairs; 11 more slender than

I, pubescent; III and IV very slender and

curved; II about 0.25 longer than I (35:28);

III about 1.5 times length of I (43:28); IV

about 0.56 the length of I (16:28).

Pronotum in mid-line nearly twice as long

as head (23:12); rather more than 0.25 wider

across posterior angles than long (30:23), 2.5

times as wide as across anterior collar (30:12),

and 0.75 as wide again as head across eyes

(30:17); in mid-line, anterior lobe, including

collar, shorter than posterior lobe (10:13),

the constriction between them coarsely and

deeply punctate toward sides, with the two

mesial punctures set well forward; posterior

lobe strongly raised from constriction, evenly

convex from side to side except for shallow

sublateral depressions just inside posterior

shoulders; lateral margins of shoulders nearly

straight, sides of basal lobe of pronotum in

front of them markedly sinuate; base broadly

and only moderately emarginate in front of

scutellum, exposing more or less of meso-

scutum, outside scutellum shallowly sinuate.

Scutellum with disc nearly flat, smooth, with

long, erect, pale hairs; sides incised and then

expanded before apex, which is acute and

depressed; scuto-scutellar punctures deep,

ovoid, oblique.

Hemelytra about twice as long as abdomen;
costal margins of corium nearly straight and

parallel in closed position, slightly incurved

apically, more than twice as long as total

width of pronotum (58:24; 51:22) and about

three times as long as cuneus; outer margin

of inner division of clavus thickened and

raised, with a row of long, pale, erect hairs.

Male genitalia as in Fig. 4^, b.

Length: Female, 4.2-4.7 mm. Male, 4.0-4.

3

mm.
Width across hemelytra: Female, 1.1 mm.

Male, 1.0 mm.
COLOUR: Head and pronotum shining, yel-

lowish brown, sometimes tinged with green.

Often two more or less distinct red marks

above inner margins of antennal bases, some-

times also a red mark on groove at base of

tylus and on each side of head, particularly

on basal collum. Eyes dark brown or reddish

brown. Rostrum light brown; labrum black.

Antennae dark brown; first segment shining,

lighter brown or mahogany; first and second

segments pale at extreme base; antenniferous

tubercles pale. Posterior shoulders of prono-

tum dark brown to black. Scutellum uniform-

ly pale yellowish or greenish brown, except

for the narrowly dark lateral margins. Heme-
lytra highly translucent, colourless, except for

embolium, which is semiopaque, usually pale

green in life; veins strong, brown or greenish

brown; margins of embolium and of inner

division of clavus and inner margin of corium

between clavus and membrane brown to

black; corium, clavus, and cuneus glassy, ex-

tremely finely and shallowly punctate; mem-
brane very finely and irregularly rugulose,

clear, iridescent, with margins narrowly in-

fuscated. Hind wings colourless; veins wide,

pale amber, sometimes tinged with pale green.

Legs yellowish brown, paler ventrally and on

coxae and basal part of femora, which are

often light green; tarsi infuscated. Abdomen
usually green in life, fading after death to pale

yellowish brown.

A colour form exists differing in the follow-

ing respects from the above description: The

red coloration is much more developed; red

marks above antennal bases fused as a com-

plete transverse band, red mark on frontal

depression very pronounced, red lines on

sides of head longH and more definite, ex-

tending from eye to pronotum; eyes and

first segment and apex of second segment of

antennae markedly reddish; dorsal surface of

femora and tibiae red; prothoracic shoulders

not or scarcely infuscated. Of the specimens

examined, 10 of the 26 females and 23 of the

28 males from New Zealand are of this colour

form, and one of the ten males and one of

the six females from Australia. Both colour

forms have been captured together in the
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same area. An occasional specimen with well-

developed red markings has also heavily in-

fuscated pronotal shoulders.

NYMPH: (Late instar—probably fifth— cap-

tured with adults at Puketona, N. Z.) Colour

of dried specimen brown, with well-developed

red markings as in the second colour form

described above. Length, exclusive of anal

tube, 2.2 mm.; length of anal tube, 0.37 mm.
Head shorter than in adult, vertical in front

between antennae. Eyes dark brown, almost

touching pronotum. Width of vertex between

eyes, 0.2 mm.; width including eyes, 0.45

mm. Legs and antennae long and slender.

Length of antennal segment I, 0.8 mm., II,

0.95 mm.. Ill, 1.3 mm.; segment II more

slender than I, and III and IV than 11. Pro-

notum with a median groove, sides gradually

and smoothly curved, widening posteriorly.

Hemelytra extending about midway along

abdomen. Anal tube very long, slender, cy-

lindrical, base red, apex pale.

SPECIMENS examined: New Zealand: 5 fe-

males, 2 males, 1 nymph, swept from low

ferns {Pteris tremula R. Br.) in damp, shaded

locality near stream, Puketona, North Auck-

land, February 12, 1949; 2 females, 1 male,

from low ferns at Paihia, Bay of Islands,

North Auckland, February 13, 1949; 22 males,

18 females, 29 nymphs, swept from low ferns

{Pteris tremula R. Br.) in shaded locality be-

side stream, Whirikino, near Foxton, Mana-

watu (Wellington Province), January 27,

1951; T. E. Woodward. Three males, 1 female,

on fern, Nelson, April 27, 1950, E. S. Gour-

lay. Australia: 1 male, Illawarra, New South

Wales (Macleay Collection). One female,

Brisbane, June 3, 1932; 2 females, 1 male

(no data, but almost certainly from neigh-

bourhood of Brisbane); Dept, of Entomology

Coll., University of Queensland. Eight males,

2 females, 1 nymph, swept from low ferns

{Hypolepis muelleri Wakefield) in shaded local-

ity beside stream, Dunwich, Stradbroke L,

Moreton Bay, Queensland, June 2, 1951, T.

E. Woodward. One female, Brisbane, March

29, 1952, J. M. Letchford.

F. elegantulus was described from Victoria,

Australia. The present records considerably

extend its known distribution, north to New
South Wales and Queensland and east to both

the North and the South Islands of New
Zealand.

Felisacus filicicola (Kirkaldy)

Hyaloscytus elegantulus Reuter, var. filicicola

Kirkaldy, 1908. Proc. Linn. Soc. N.S.W.

(2) 33(2): 376-377.

Felisacus filicicola (Kirkaldy) Knight, 1935.

Ins. Samoa 2(5) : 200.

STRUCTURE: Head width across eyes nearly

1.5 times the length (17.5:12); interocular

space nearly twice as wide as eye (8.5:4. 5).

Basal 0.17 of head cylindrical, forming a col-

lum separated from rest of head by a sharp

annular constriction, in front of which the

crown is moderately raised and convex; from

constriction, sides convexly diverging to pos-

terior margins of eyes, where head is rather

less than 0.75 as wide as across eyes (12:17.5);

basal collum about 0.83 the width of head

at base of eyes (10:12) and over 0.5 the width

across eyes (10:17.5). Rostrum reaching to

middle coxae. Antennae with segment I cy-

lindrical, with long, erect, sparse hairs; II

more slender than I, pubescent; III and IV

very slender, curved; length of I:II::28:35.

Pronotum in median line over 1.5 times

length ofhead (21:12); about 0.25 wider across

posterior angles than long (26:21), about 2.3

times as wide as across anterior collar (26:11),

and 1.5 times as wide as head across eyes

(26:17.5) ;
in mid-line, anterior lobe, including

collar, shorter than posterior lobe (9.5:11.5),

the constriction between them coarsely and

deeply punctate toward sides, with the two

middle punctures set well forward; posterior

lobe strongly raised from constriction; both

lobes evenly convex from side to side except

for sublateral depressions inside posterior

shoulders; shoulders with lateral margins

nearly straight, sides of pronotum sinuate in

front of them; base distinctly and roundly
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emarginate in front of scutellum, widely ex-

posing mesoscutum. Scutellum moderately

raised, disc nearly fiat, smooth, with sparse,

longish, erect pale hairs, apex declivous, sides

incised just before apex; two deep transverse

punctures on scuto-scutellar suture.

Hemelytra long; costal margins of corium

nearly straight and parallel, rather more than

twice as long as total length of pronotum

(50:23); outer margin of cuneus rather more

than 0.33 as long as corium (17.5:50); outer

margin of inner division of clavus raised and

thickened, with a row of long erect hairs.

The male genitalia are described by Usinger,

1946: 69.

Length: Female, 4.2 mm. Width across

hemelytra, 1 mm.
COLOUR: Shining above; head, venter, pro-

notum, and first segment of antennae fulvous;

second antennal segment dark reddish brown.

Eyes dark brown. Scutellum fulvous brown.

Margins of inner division of clavus brown.

Embolium semiopaque, yellowish brown,

reddish brown at apex, inner and outer mar-

gins narrowly black. Corium with a fuscous

band alongside apical third of margin of

clavus. Apical margin of corium as far as

cuneus dark brown. Rest of corium clear,

transparent. Cuneus reddish brown. Mem-
brane clear except for very narrowly dark

margins and fuscous brown vein; iridescent

and finely and irregularly rugulose. Coxae,

trochanters, and base of femora yellow; tarsi

fuscous; rest of legs shining brown.

This species displays a rather similar colour

variation to that seen in elegantuhis. Kirkaldy

(1908) states that 'The colouring of the body

is somewhat variable, being often suffused

with red; the pronotum may be immaculate,

or the postero-lateral angles may be more or

less widely fuscous.”

SPECIMENS examined: 1 male (damaged),

1 female, Kadavu, Fiji Is., July 25, 1938, R.

A. Lever.

F. filicicola is very close to F. elegantulus

(Reuter), but differs in its darker colour (head

and pronotum fulvous, scutellum fuscous.

45

cuneus reddish brown), the pronotum in me-

dian line shorter relative to head, with base

more deeply excavated, less expanded, and

narrower in proportion to length, to anterior

width, and to width of head across eyes.

Felisacus amhoinae n. sp.

Figs. 1, 2

structure: Head across eyes nearly 1.5

times the length (16:11); interocular space

just over 1.5 times as wide as eye (7:4.5).

Eyes large, as seen from above rather longer

than postocular part of head (6:5). Basal 0.2

of head cylindrical, forming a collum sep-

arated from rest of head by a sharp annular

constriction, in front of which the upper

surface is strongly raised and convex; from

constriction, sides convexly diverging to pos-

terior margins of eyes, where head is 0.75 as

wide as across eyes (13:17.5); basal collum

about 0.75 as wide as head behind eyes (0.75-

0.79) and over 0.5 as wide as across eyes

(9.25:16, 10:17.5). Rostrum reaching to mid-

dle coxae. Antennae with segment I cylin-

drical, with long, erect, sparse hairs; II more

slender than I, pubescent; III and IV very

slender and curved; length of I:II::26:32.

Pronotum with median length over 1.5

times that of head (male, 19:11; female,

22:13); 0.16 to 0.2 wider across posterior

angles than long (male, 23:19; female, 26:22)

and about 2.33 times as wide as across an-

terior collar (male, 23:10; female, 26:11.5);

in mid-line, anterior lobe, including collar,

equal or very nearly equal in length to pos-

terior lobe, the constriction between them

coarsely and deeply punctate toward sides,

with the two middle punctures set well for-

ward; posterior lobe strongly raised from con-

striction; both lobes evenly convex from side

to side except for sublateral depressions inside

posterior shoulders; shoulders with lateral

margins nearly straight, sides of pronotum

moderately sinuate in front of them; base

distinctly emarginate in front of scutellum,

somewhat angularly concave in middle, wide-

ly exposing mesoscutum. Scutellum moder-
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Fig. 1. Felisacus amhoinae n. sp. Head and pronotum.

ately raised, smooth, with sparse, longish,

erect pale hairs; two deep punctures on scuto-

scutellar suture.

Hemelytra long; costal margins of corium

nearly straight and parallel, slightly over twice

as long as total length of pronotum (48:23);

outer margin of cuneus rather less than 0.33

as long as corium (14:45, 15:48). Outer mar-

gin of inner division of clavus raised and

thickened, with a row of long, pale, erect

hairs.

Length: 3.75 mm. Width across hemelytra:

Male, 0.8 mm.; female, 0.95 mm.
COLOUR: Shining above. Head, pronotum,

and scutellum yellowish brown. Head with

red markings anteriorly, along inner margins

of eyes, and narrowly in mid-line. Eyes red-

dish brown or reddish black. Antennae with

segment I red or reddish brown, II red or

reddish black. III and IV black. Rostrum

yellowish brown. Sides of anterior division

of pronotum sometimes red. Base of prono-

tum inside posterolateral angles more or less

infuscated. Swollen outer part of anterior lobe

of scent-gland spout red. Legs yellow; apex

of femora and base of tibiae red, the red

colouring sometimes extending along entire

upper surface or even whole of tibiae and as

a narrower dorsal line on femora; tarsi in-

fuscated at apex. Whole of cuneus coloured,

orange or orange-red, with inner margin usu-

ally widely and costal margin more narrowly

red. Embolium red at apex and narrowly red

or reddish brown along costal and inner mar-

gins. Inner half of clavus red, at least on mar-

gins; outer half translucent, pale. Inner margin

of corium along apex of clavus more or less

widely dark brown or black. Apical margin

of corium as far as cuneus red, with adjacent

area more or less infuscated. Membrane with

margins narrowly infuscated; veins testace-

ous, more or less tinged with red. Rest of

hemelytra clear hyaline. Veins of hind wings

brown. Ventral surface of body yellowish

brown. Dorsal surface of abdomen red.

TYPES: Holotype male, allotype female, 1

paratype male, Amboina (E. Indies), F. Muir.

Deposited in the California Academy of

Sciences.

This is the species noted by Usinger (1946:

70).

F. amhoinae belongs to the elegantuhis group

of species (see below) and is perhaps most

closely related to ochraceus Usinger, from

Guam. It is distinguished from the latter,

however, by marked differences in colour, by

the less protuberant eyes, by the basal emar-

gination of the pronotum being less widely

rounded and more angulated in the middle,

and by the proportionately somewhat shorter

cuneus. It differs from filicicola (Kirkaldy) in

colour, the smaller size, the eye wider in

proportion to interocular space, the head

Fig. 2. Felisacus amhoinae n. sp. a. Apex of male

abdomen, posterior aspect (R, right clasper; L, left

clasper); b, right clasper, posteroventral aspect; c, left

clasper, lateral aspect.
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across eyes narrower in proportion to width

immediately behind eyes, where head is rather

more expanded and wider also in proportion

to basal collum, the posterior lobe of prono-

tum relatively somewhat shorter in mid-line

and wider at base, and the cuneus propor-

tionately rather shorter. From elegantulus

(Reuter) it differs in colour, the smaller size,

the eye wider in proportion to interocular

space, basal collum of head narrower in pro-

portion to width both behind eyes and across

eyes, pronotum somewhat shorter in mid-line

relative to head, with base proportionately

wider. From nigricornis Poppius (not seen) it

differs in colour and the relatively shorter

pronotum and first antennal segment, and

from jacohsoni Poppius (not seen) in colour,

the smaller size, the relatively shorter heme-

lytra and first antennal segment, the pronotum

shorter, more declivous, and less narrowed

from base to apex.

Felisacus usingeri n. sp.

Fig. 3

structure: Head long and narrow, scarce-

ly wider across eyes than long (14:13); as seen

from above, not concave in front, anterior

margin between antenniferous tubercles nearly

straight, slightly convex, about 0.25 width

across eyes (3.5:14); 0.4 as wide again across

eyes as immediately behind eyes (10:14),

thence gradually and slightly narrowed to

base of head, where 0.9 as wide as behind

eyes; no collum or annular subbasal constric-

tion; crown with a transverse depression be-

hind and between eyes, scarcely extending

beyond level of their inner margins; seen from

above, postocular part of head distinctly

longer at sides than length of eye (7:5), with

sides nearly straight, slightly sinuate behind

middle. Eyes moderate, each over half as wide

as interocular space (3.75:6.5). Seen from the

side, eye equal in height to length of the

vertical, apical (subocular) part of head from

ventral margin of eye to base of rostrum (7:7).

Antenniferous tubercles short, scarcely pro-

jecting beyond apex of head. Rostrum reach-

Fig. 3. Felisacus usingeri n. sp. Head and pronotum.

ing middle coxae; relative lenghts of segments

I-IV, 5:5:11:16. Antennae shorter than body

(85:110); segment I shorter than pronotum

(18:22.5), about 0.25 longer than width of

head (18:14), moderately swollen at basal

third and tapering to just before apex, widen-

ing slightly at extreme apex; segment II

slender, cylindrical; III and IV extremely

slender, curved; I with sparse, erect, pale

hairs, other segments pubescent; proportion-

ate length, I-IV, 18:27:26:14.

Pronotum about 0.75 as long again as head

(22.5:13); collar short, about 0.09 total length

of pronotum; posterior lobe half as long again

as anterior lobe, including collar (13.5:9); the

constriction between them deeply punctate,

the two mesial punctures set distinctly for-

ward; posterior lobe strongly convex, con-

siderably raised above constriction, more

shortly declivous toward base; base nearly

straight, only very feebly emarginate before

base of scutellum; over twice as wide across

posterior shoulders as across collar (24.5:10.5)

and rather wider than total length (24.5 : 22. 5)

;

sides of posterior lobe in front of shoulders

straight, evenly converging toward constric-

tion. Scutellum rather strongly raised, with
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sparse, erect, pale hairs; smooth except for

two large punctures on basal margin.

Hemelytra long; the costal margin of co-

rium feebly arcuate, especially posteriorly,

less than twice as long as pronotum (42:22.5);

the cuneus more than 0.33 as long as corium

(17.5:42).

Length: Female, 3.8 mm. Width across

hemelytra, 0.9 mm.
colour: Head, pronotum, and scutellum

shining, pale yellowish brown. Eyes reddish

brown. First antennal segment yellowish

brown; second segment and apex of first dark

reddish brown; third and fourth black, Clavus

pale amber, margins of inner division darker

yellowish brown. Embplium slightly tinged

with amber; yellow at apex; margins, espe-

cially at apex, very narrowly brown. Inner

margin of corium, from just in front of apex

of clavus to inner basal angle of cuneus, in-

fuscated brown; rest of corium colourless.

Cuneus nearly colourless, faintly tinged with

amber; outer margins narrowly dark. Mem-
brane colourless; veins pale. Rostrum, tibiae,

apex of femora, undersurface of head and

thorax pale yellowish brown. Tarsi infuscated

at apex. Remaining segments of legs and

venter of abdomen yellowish white.

type: Holotype female, Los Banos (Luzon,

Philippine Is.), July 17, 1936, R. L. Usinger.

Deposited in the California Academy of

Sciences.

This species was noted by Usinger (1946:

72).

F. usingeri belongs to the magnificus group

of species and appears to-be closest to philip-

pinensis Hsiao differing in the paler colour;

the rather smaller size; the narrower head

across eyes in proportion to length of head,

width behind eyes, and width of pronotal

base; the much shorter second and third an-

tennal segments; and the longer rostral seg-

ments I-III (4:4:8 in philippinensis) . Usingeri

resembles magnificus Distant in the long, nar-

row head; from this species, however, it differs

strikingly in colour, the pattern being very

characteristic in magnificus, in the shorter an-

tenniferous tubercles and the more convex

and much narrower anterior border of the

head between them (in magnificus, interanten-

nal width: width across eyes: :4. 5: 15), in the

three basal segments of the rostrum being

longer in proportion to the fourth (in mag-

nificus, 3:3:8.5:18), height of eye equal to

subocular part of head (much greater in mag-

nificus, 8:5), the proportionately shorter first

antennal segment (in magnificus, I:II::22:25),

the posterior lobe of pronotum narrower at

base in proportion to anterior collar (in mag-

nificus, 27:10.5).

From crassicornis Usinger the new species

differs in its paler colour, in the much longer

and narrower head, the eyes wider in propor-

tion to interocular space, the proportionately

longer second antennal segment, the prono-
'

turn longer in proportion to head, with apical

collar proportionately shorter, the cuneus

longer in proportion to corium. From pulchel-

Itis Poppius (not seen) it differs markedly

in colour, the wider eyes in proportion to

interocular space, and the relatively much
longer second antennal segment; and from

longiceps Poppius (not seen) in colour and in

the relatively much shorter first and fourth

antennal segments.

The measurements and figures of magnificus

given in this paper are derived from a spec-

imen collected in Amboina, E. Indies (F.

Muir, June, 1908), and kindly supplied to

me by Dr. R. L. Usinger, who had provision-

ally identified it as magnificus. This species

was described from Tenasserim (Distant,

1904: 439, fig. 284). Topotypic material has

not been available, so that no further com-

parison has been possible. However, the ap-

pearance of magnificus is strikingly character-

istic, and the present specimen agrees with

Distant’s figure and with his description as

far as it goes. In view of the presence of

elegantulus in both Australia and New Zealand,

the occurrence of magnificus so far from its

type locality does not seem so surprising.

Little is known of the extent and methods of

distribution of the species of this genus. It
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would be interesting to test the possibility of

the eggs being inserted into and transported

in fern stems (e.g., among packing material).

SPECIES GROUPS OF FeLISACUS

The species of Felisacus fall into at least two

and possibly three groups.

To the magnificus group belong magnificus

Distant, 1904 (Tenasserim, Burma, and Am-
boina, E. Indies), pulchellus Poppius, 1915^

(Philippine Is.), longiceps Poppius, 1915^

(Formosa), Hsiao, 1944 (Philip-

pine Is.), crassicornis Usinger, 1946 (Guam),

and usingeri n. sp. (Philippine Is.). This group

is characterised by the subbasally swollen

first antennal segment, by the nearly straight,

scarcely emarginate base of the pronotum,

and by the neck-like postocular part of the

head gradually narrowing to the base, without

a cylindrical basal collum sharply and com-

pletely constricted from a wider region behind

the eyes. In magnificus, philippinensis, and cras-

sicornis, at least, the right clasper of the male

has the form of a curved rod, slender through-

out its length, not considerably widened and

flattened basally; the left clasper is nearly

straight and only feebly curved on its outer

margin; the right clasper is slightly knobbed

or spatulate at apex, and either the right or

the left clasper, or both, may give off a shorter

or longer internal branch; ventral margin of

apex of abdomen narrowly convex between

right and left claspers (Fig. 4). It is desirable

that the other species should be examined to

determine whether the male genitalia and any

other structures can be used as group

characters.

In the elegantulus group are included elegan-

tulus (Reuter, 1905) (Australia and New Zea-

land), filicicola (Kirkaldy, 1908) (Fiji and

Samoa), nigricornis Poppius, 1912^ (New Gui-

nea), Poppius, 1914 (Java), ochraceus

Usinger, 1946 (Guam), and amboinae n. sp.

(Amboina, E. Indies). The features of this

group are the cylindrical first antennal seg-

ment, not swollen subbasally, the distinctly

excavated base of the pronotum, and the

clasper; L, left clasper). Felisacus magnificus Distant:

a. Apex of abdomen (posteroventral)
;

b, left clasper

(posterior). Felisacus philippinensis Hsiao: c, Apex of

abdomen (posterolateral); d, right clasper (ventro-

lateral) .

differentiation of the base of the head as a

cylindrical collum sharply and completely

constricted from a wider region just behind

the eyes. In elegantulus, filicicola, ochraceus, and

amboinae, at least, the right clasper of the male

is considerably widened and flattened basally

and narrowed and curved apically, the inner

margin with a more or less pronounced sub-

basal expansion; the left clasper is strongly

curved upward and inward, with its outer

margin strongly convex; ventral margin of

apex of abdomen widely convex between

right and left claspers. (See Figs. 2, 5.)

It seems possible that some or all of the

following species might form a third group:

glabratus (Motschoulsky, 1863) (Ceylon, Java,

Philippine Is.), auritulus Distant, 1913 (Sey-

chelles), carpenterae Hsiao, 1944 (Singapore

and Borneo), and perhaps also madagascarien-

sis Poppius, 1912^^ (Madagascar). From the

descriptions, these would seem to present a

different combination of characters from that

shown by either of the other two groups, but

none of these species has been examined in

the present study.
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Fig. 5. Male claspers, elegantulus group. Felhacus

elegantuhis (Reuter): a. Right clasper (posteroventral);

b, left clasper (lateral). Felisacus ochraceus Usinger:

c, Right clasper (posteroventral)
;
d, left clasper (lateral).

If critical study of a more complete series

of species should uphold this or a similar

division of the genus, it might be found ad-

vantageous to regard the groups as subgenera.

In this case, provided elegantulus did not

prove to fall into the same group as glabratus,

Hyaloscytus Reuter, 1905, could be retained as

a subgeneric name for the elegantulus group.

Each of the groups as tentatively desig-

nated above centres on a more or less distinct

geographical range, with a number of aber-

rancies to be expected as the result of dis-

persal from the centre of origin. The first

group is mainly northern Pacific, the second

mainly southern Pacific, and the third more

or less fringing the Indian Ocean.

It seems to the author not unlikely that

some of the described species of Felisacus

might eventually have to be considered as

subspecies. For example, fillclcola is very close

to elegantulus and might have developed as

a geographical race of the latter, whereas

usingeri is close to philippinensis, and the for-

mer might perhaps prove to be a lowland

race and the latter a high-altitude race of the

one bitypic species. Elowever, at present there

are no criteria by which specific and sub-
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specific limits in this genus might be satis-

factorily demonstrated; until more complete

evidence is available on extent of variation,

distribution, biology, and interbreeding, and

the structure of the male genitalia, it seems

desirable to maintain specific status for all

forms which are readily distinguishable on

the basis of correlated structural differences.
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Three Pacific Species of {Including a New Species)^

Their Hosts
^
Medusae, and Relationships.

(Coelenterata, Hydrozoa)^

Cadet Hand^

The hydroid "ear,” which lives as a com-

mensal upon the tubes of sabellid polychaetes,

has been described from the Atlantic by Gosse

(1857) and from the Pacific by Uchida and

Okuda (1941) and by Hand and Hendrickson

( 1950 ). Hincks (1872) noted that the medusae

produced by Lar sabellarum Gosse were sim-

ilar to Willia stellata Forbes, and later Browne

(1896) clearly established that the medusa of

Lar sabellarum was Willia stellata. Uchida and

Okuda ( 1941 ), in their study of the Japanese

"Lar,” showed that their hydroid was that of

the medusa Proboscidactyla flavicirrata Brandt

and, as a result of their study together with

the data of Browne and Kramp (1939), united

the genera Willia and Proboscidactyla, retaining

the name Proboscidactyla because of priority.

Hand and Hendrickson (1950) described a

new "Lar,” Proboscidactyla sp., from California

and suggested it might be the hydroid of the

medusa Proboscidactyla occidentalis (Fewkes).

Since 1950 the author has had an opportunity

to examine medusae of Proboscidactyla from

off the coast of Oregon, Monterey Bay, near

Santa Cruz Island, and the San Diego region,

the latter three localities all being in California

waters. It also has been possible to obtain

specimens of "Lar” from Puget Sound (Wash-

ington) and La Jolla, California. An examina-

tion of the hydroids and medusae has shown
that three separate species of Proboscidactyla

occur on the Pacific coast of the United States,

a northern species (P. flavicirrata)

,

a central

^ Contribution from the Scripps Institution of

Oceanography, New Series No. 668. Manuscript re-

ceived February 20, 1953.
^ Scripps Institution of Oceanography, University

of California, La Jolla, California.

species {Proboscidactyla sp. of Hand and Hen-

drickson 1950
,
named for the first time in the

present report), and a southern species, P.

occidentalis.

The definition of species in the Hydrozoa,

more especially among the gymnoblasts, has

long been based on rather gross, frequently

ephemeral, characters such as size, shape,

number and type of tentacles, arrangement

of hydrorhizae, and the kinds of individuals

present in the colony. In the following report,

a not completely proved hypothesis has been

used as one of the primary criteria of vyhat

is to be taken as a species. This concerns the

nematocysts, and, briefly stated, the hypo-

thesis is that each species of coelenterate can

be identified by its possession of a unique

group of nematocysts (the cnidom), at least

with regard to size and shape, although not

necessarily with regard to kind. This hypo-

thesis has stemmed from the work of Weill

( 1934 ) and has proved acceptable for sea ane-

mones as demonstrated by the numerous

studies of Dr. Carlgren of Lund, Sweden. The

work of E. G. Papenfuss (1936') on scypho-

medusae and of F. S. Russell (1938) on hydro-

medusae lends much validity to the contention.

To date no refutation of this hypothesis has

been presented, and the study of the species

of "Lar” demonstrates the further usefulness

of nematocysts in the identification of hy-

droids. The terminology of nematocysts used

herein is that of Weill (1934).

It will be noted in the following pages that

the nematocysts of the hydroid stages are very

similar from species to species. This, perhaps,

is not unexpected as hydroids are immature

51
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organisms and would be expected to resemble

one another more closely than the adults of

different species. However, when we add the

small differences in size and shape of nema-

tocysts to the morphological differences of

the hydroid stages, we find that these animals

can be readily identified as separate species.

The nematocysts of the medusae of these

species, on the other hand, show greater dif-

ferences, and again we would expect this,

from the thesis that adults of related animals

are less alike than their younger stages. It is,

however, somewhat disappointing to discover

that the medusoid and hydroid stages of a

genus do not possess the same cnidom. Thus,

in Prohoscidactyla we find that the hydroids

may be characterized as possessing a cnidom

of three types of nematocysts (macrobasic

euryteles, microbasic euryteles, and desmo-

nemes), whereas the medusan cnidom con-

sists of but two types (macrobasic euryteles

and desmonemes). This should serve as a

warning that hydroids and their medusae may
not be identifiable with one another on a

basis of their nematocysts. Moreover, this

divergence of cnidoms in the two phases of

the life history seems to imply that the nema-

tocysts are adaptive characters which respond

to environmental demands, and perhaps we
should advance with caution along the road

of relating larger groups such as genera and

families on a basis of their nematocysts.

In the following discussion, in order to

speak clearly of the arrangement of the ten-

tacles and canals of the medusae of Probosci-

dactyla, a convention has been adopted in

which the first four tentacles to develop are

called first order tentacles and their canals are

the first order canals. The second four tentacles

arise to the right of the first order tentacles

and are called second order tentacles. These ten-

tacles arise at the margin of the bell at the

point at which the second order canals join the

ring canal. The third order tentacles are the

the next eight tentacles which arise at the

ends of the branches from the first and second

order canals. Beyond the third order the ar-

rangement of tentacles and canals is more
difficult to discern. On specimens with 32

tentacles a rather fourth order of tentacles

and canals can usually be made out, but on
specimens with more than 32 tentacles the

arrangement seems to have lost the regularity

presented by the younger medusae. It has

been noticed that, after the first order canal

gives rise to the second order branch on its

right and the third order branch on its left,

it usually does not branch again and that

most later branches arise from either the sec-

ond and third order canals or from the rather

diffuse fourth order.

The following material, upon which part

of the descriptions presented herein are based,

has been deposited in the U. S. National

Museum.
1. Prohoscidactyla flavicirrata, adult medusae,

20 specimens, U.S.N.M. 50035.

2. P. flavicirrata, hydroids on tubes of Schizo-

branchia and Pseudopotamilla, 6 specimens,

U.S.N.M. 50036.

3. P. flavicirrata, hydroid on Schizobranchia,

1 specimen, U.S.N.M. 50037.

4. Prohoscidactyla circumsabella, holotype,

adult medusa, 1 specimen, U.S.N.M.

50038.

5. P. circumsabella, paratypes, medusae, 8

specimens, U.S.N.M. 50039.

6. P. circumsabella, hydroids on Pseudopota-

milla, 11 specimens, U.S.N.M. 50040.

7. Prohoscidactyla occidentalism medusae, 12

specimens, U.S.N.M. 50041.

8. P. occidentalism hydroid on Pseudopotamillam

1 specimen, U.S.N.M. 50042.

Prohoscidactyla flavicirrata Brandt

THE MEDUSA: This medusa was first de-

scribed by Brandt (1834) from the north

Pacific and has subsequently been found near

Japan and as far south as Puget Sound on

the American side of the Pacific. Twenty-

eight specimens of this medusa taken during

August, 1949
,
have been found in plankton

samples collected in the area from the mouth
of the Columbia River on the north to Cape
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Blanco, Oregon, on the south and at a dis-

tance of from 40 to 200 miles from shore.

This plankton was collected by the Scripps

Institution of Oceanography as part of its

work on the California Cooperative Sardine

Research Program. All the specimens ob-

served possessed four first order radial canals

and were in adult or nearly adult condition.

The diameter of the bell varied from 6 to 10

millimeters and the height from 6 to 8

millimeters. They possessed from 40 to 72

tentacles.

The branching of the radial canals is very

complex and highly irregular although the

number of terminal branches in each quadrant

is nearly equal on^any given specimen. Thus,

on a specimen possessing 72 tentacles, the

quadrants had 17, 18, 18, and 19 tentacles,

123(32 34143 424

Fig. 1. a-c, Probosddactyla occidentalis; d-f, P. cir-

cumsabella; and g-k, P. flavicirrata, showing (diagram-

matically) the branching of the radial canals. The
numbers in figures a to /refer to the order of the canals

and tentacles. The spots between the ends of the canal

branches in figures g to j represent the position of
tentacles to which no canals could be seen to be
branching.

respectively. This condition is illustrated by

Figure Ig-/ It will be noted that a canal

branch does not run to each tentacle. In most

specimens it appeared that the tentacles were

more numerous than the canals, which con-

dition may or may not actually exist, as the

specimens examined were badly contracted

and it was difficult to determine the distribu-

tion of the radial canals. In one specimen an

anomalous condition was found in which the

canals from two adjacent quadrants had ana-

stomosed (Fig. Ik).

Cnidothylacies (nematocyst sacs) are pres-

ent on the exumbrellar surface and are con-

nected to the solid ring canal by a chord of

what are presumed to be endodermal cells.

In many specimens no ring canal can be found,

and here the chord of cells merely ends where

the canal used to be. Uchida and Okuda

(1941) noted that the ring canal of this species

degenerates as the medusa matures, whereas

Browne (1906) suggested that the disappear-

ance of the ring canal was not unexpected,

as each tentacle is directly connected to the

stomach via the system of branched canals.

The cnidothylacies never occur in association

with the first order tentacles but can be found

above all other tentacles and in the interten-

tacular spaces. Most specimens, however,

show a somewhat irregular distribution of

these structures, and the greatest number ob-

served in any one quadrant was 14.

When this medusa is adult the gonads ap-

pear as white to creamy (formalin-preserved

color) folded masses covering most of the

stomach. The four gonadial masses present

occupy interradial positions, each mass being

developed as a pair of thickened lobes upon

the adradial sides of the quadratic stomach

with a thin sheet of gonadial tissue connecting

the two lobes and covering the stomach wall.

The gonads do not appear to fuse across

the radial margins of the stomach. The lips

of the manubrium are highly folded and hang

but a short distance below the oral end of the

gonads. Figure 2 illustrates the several fea-

tures just mentioned.
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The tentacles, which are inserted into the

bell margin by endodermal bulbs, were quite

contracted in most specimens; however, it

was immediately apparent that the older ten-

tacles are somewhat longer and larger than

the younger ones. The tentacle bulbs are light

yellow to cream in color and much more

opaque than the tentacles.

The shape and general appearance of the

medusa is shown in Figure 2, although only

one quadrant is shown with all its details. It

will be noted that there are four interradial,

subumbrellar pouches which extend the sub-

umbrellar cavity well above the level of the

stomach. This is a characteristic of all three

of the species described in this paper.

The nematocysts of the genus Prohoscidac-

tyla are known for the hydroid in two in-

stances (Russell, 1938 ;
Hand and Hendrickson,

1950) and in one case for the medusa (Hand

and Hendrickson, 1950) and in this latter case

only for very immature medusae. The nema-

tocysts of adult P. flavicirrata were studied,

and a simple cnidom of two types was found

as follows:

Cnidothylacies

Macrobasic euryteles. . .22—30X9— I4^t

Desmonemes 5— 7X4— 6/i

Fig. 2. Prohoscidactyla flavicirrata. a, Aboral view of

the stomach; h, side view of stomach; c, whole medusa
with only one quadrant shown in detail.

PACIFIC SCIENCE, Vol. VIII, January, 1954

Tentacles

Macrobasic euryteles. .. 8— 12X5

—

l\x

Desmonemes 5— 7X4— 6/i

Figure 'ia-c illustrates the nematocysts. The
desmoneme of the cnidothylacies appears to

be identical to that of the tentacles.

THE hydroid: Uchida and Okuda (1941) I

have given a rather complete description of

this hydroid, although a few additional re-

marks and comparisons of their report with

material from Puget Sound seems desirable.

Several colonies of this hydroid were collected

during the summer of 1950 in Puget Sound
j

by Dr. Ralph I. Smith of the University of I

California at Berkeley and were given to the

author for study. Detailed notes and sketches

of the appearance and color of this hydroid

in life were also gratefully received from Dr.

Smith.

The organization and arrangement of in-

dividuals in P. flavicirrata are quite different

from those of the other Pacific species. The

gastrozooids and gonozooids stand in a dou-

ble row or ring around the lips of sabellid

tubes with the gastrozooids innermost, while

the naked hydrorhizae tend to form parallel

rows extending several millimeters along the

long axis of the worm tube with occasional

random anastomoses. The gonophores may
arise either from the hydrorhiza near the base

of an adjacent gastrozooid or actually from

the proximal portion of the gastrozooid (Fig.

Ah, c). What are presumed to be young or

abortive gonozooids may occasionally be

found at almost any point among the hy-

drorhizae, although they were not as numer-

ous as those found by Uchida and Okuda.

Where young or new gonozooids are forming

on the bases of the gastrozooids, the appear-

ance is that the gastrozooid is growing a tail

(Fig. Aa). Figure Ab illustrates the general

appearance and organization of a colony.

A total of 16 colonies was observed, and

of these seven showed strongly parallel hy-

drorhizal nets and the remaining nine varied

from a reasonably close approach to parallel
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Fig. 3. The nematocysts of the medusae, a-c, Prohoscidactyla flavicirrata; d-f, P. drcumsabella; g-j, P. ocddentalis.

a, b, d, e, g, h, i are macrobasic euryteles; c, /, j are desmonemes.
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H MM

Fig. 4. The hydroid of Prohoscidactyla flavkirrata.

a. Young gastrozooid with a "tail”; b, a colony, only

part of which is shown, as seen by looking down upon
the end of a worm tube; c, gastrozooid and gonozooid,
the latter with several medusa buds.

networks to very random, irregular networks.

It was noted that the nine colonies showing

the less parallel hydrorhizal networks also

possessed very slightly smaller gastrozooids

than the other seven colonies and that these

nine colonies were the only ones possessing

scattered gonozooids or no gonozooids at all.

Some of these colonies were obviously im-

mature, whereas others were quite mature. It

was thought that these nine colonies might

be of some other species, but this idea was

discarded as no differences between these and

the larger colonies could be found in their

nematocysts. So far no one has demonstrated

whether a single colony of ”Lar” produces

only one sex of medusa or whether both sexes

can be produced by a single colony, so the

suggestion may be tentatively put forth that

the visible morphological differences in the

Puget Sound "Ear” may be of a sexual nature.

The color of this hydroid in life is, in gen-

eral, orange to pink with the color restricted

to the endoderm as in other species. The
gastrozooids are 0.8-1. 2 millimeters tall by

about 0.2 millimeter in diameter. The gono-

zooids are in general thinner and slightly

shorter than the gastrozooids. Two tentacles

are present on the gastrozooid and none on
the gonozooid. The size of the Puget Sound

individuals is slightly larger than that of those

from Japan, and no variation in tentacle num-

ber was noted, whereas a number of speci-

mens with extra tentacles was reported from

Japan. The Puget Sound "Ear” possessed

from two to eight medusa buds, commonly
eight, with four of the buds large and well

developed and four as small, poorly developed

medusae. The four small buds alternate with

the four large ones, and all buds seem to arise

at a single level slightly above the middle of

the gonozooid.

The nematocysts of the hydroid are as

follows

:

Macrobasic euryteles. ....17—25X8—-12/i’

Earge microbasic euryteles 10—18X4— (y\x

Small microbasic euryteles 5— 6X2— 3/x

Desmonemes. 3— 5X2— 4/x

The tentacles of the polyps seem to possess

only the small microbasic euryteles listed

above, whereas the three remaining types were

found in the caps of the polyps. The des-

moneme and the large microbasic eurytele

also occur in small numbers over the surfaces

of the polyps. Figure "ya-d illustrates the ap-

pearance of the nematocysts of this hydroid.

THE HOSTS: Uchida and Okuda (1941) re-

ported this species upon the sabellid, Fota-

milla myriops. Berkeley and Berkeley (1952)

do not list this species for the Puget Sound

area but do list Potamilla neglecta, which is

one of the hosts for Prohoscidactyla occidentalism

the third species of this report. Prohoscidactyla

flavkirrata occurred on two species of sabel-

lids in the Puget Sound area, namely Schizo-

hranchia insignis and Pseudopotamilla ocellata.

Ten genera of sabellids were reported by



Fig. 5. The nematocysts of the hydroids, a-d, Prohosddactyla flaviclrrata; e-h, P. circumsabella; i-l, P. occidentalis.

a, e, i are macrobasic euryteles; b, c,f, g,j, k are microbasic euryteles; d, h, I are desmonemes.
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Berkeley and Berkeley (1952) from the Pacific

area around Puget Sound, with a total of 19

species involved. It seems likely that further

observation will reveal the presence of this

hydroid upon still more sabellids than the

three from which it has been reported to date.

The observed difference in size of indivi-

duals and in colony morphology reported in

the description of this hydroid does not seem

to be correlated with the host upon which the

colony is growing. Colonies with both parallel

and irregular hydrorhizal nets were found

upon both of the sabellids reported above

as hosts for Prohoscidactyla flavicirrata in the

Puget Sound area.

Prohoscidactyla circumsahella sp. nov.

The hydroid and young medusa of this

species were first described by Hand and

Hendrickson (1950) under the name of Pro-

hoscidactyla sp. Since that description appeared,

a series of medusae of this species ranging

from small immiature specimens to adults have

been obtained from plankton from Monterey

Bay. I am indebted to Mr. Prank Gwilliam

and Mr. Meridith Jones of the University of

California at Berkeley for some of these

specimens.

As the hydroid and young medusa have

already been described, it does not seem nec-

essary to repeat the whole diagnosis at this

time, but certain salient features are worth

repeating for the sake of comparison with

the other two species considered here.

THE MEDUSA: Adult medusae were collected

during the months of June and July, 1951,

and a single specimen during July, 1952.

A total of nine adult medusae have been

examined.

The largest specimen observed measured

3.0 millimeters, bell diameter, by 2.5 milli-

meters high. This specimen possessed 32 ten-

tacles and 28 cnidothylacies. The gonads were

well developed and occurred in the interradial

position as four paired masses of simple swol-

len lobes on the adradial sides of the stomach.

Eigure Ga-c illustrates the appearance of a

living, 24-tentacled, adult medusa as well as

the details of the shape and location of the

gonads and the lips of the manubrium. The
manner in which the lips fold seems to be

characteristic of this species.

Prom a study of the nine medusae in hand,

it appears that a rather regular system of

branching of the radial canals obtains in this

species, with the result that the adult medusae

are quite uniform. Of the specimens examined

only a single one deviated from the pattern

of development presented in Eigure \d-f. This

single specimen possessed 25 tentacles, the

single unusually located tentacle occurring to

the right of the second order tentacle of one

quadrant and connected to the second order

canal by a short canal of its own. In immature

or developing medusae there is an obvious

difference in tentacle length, tentacle bulb

diameter, and radial canal size; the older ten-

tacles, tentacle bulbs, and radial canals are

longer or larger, and thus the developing

complexity of the canal system is readily

visible. Prom the time the medusae reach the

l6-tentacle stage until they attain the 32-

tentacle condition the exact order of appear-

ance is not precise; therefore, specimens may
have odd numbers of tentacles, although the

end result is uniform as judged by the four

specimens which possessed 32 tentacles.

Fig. 6. Prohoscidactyla circumsahella. a., Whole me-

dusa, with tentacles shown on one half only; h, side

view of stomach; c, aboral view of stomach.
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In life this medusa is nearly colorless, pig-

ment being restricted to the tentacle bulbs

and the wall of the stomach. These areas are

brown to orange brown. The tentacle bulbs

appear to develop before pigment is depos-

ited in them so that the small tentacle bulbs

are colorless or nearly so. The older tentacle

bulbs are usually a bright orange-brown color.

The gonads are very lightly colored, those of

the males being white and of the females a

light creamy color. The sexes are separate.

The nematocysts of adult P. circumsabella

are as follows:

Large macrobasic euryteles 17—26X8— 12/x

Small macrobasic euryteles 7— 10X4— 5iU

Desmonemes 5— 7X4

—

6/x

The large macrobasic euryteles are restricted

to the cnidothylacies, whereas the small ma-

crobasic euryteles occur in the tentacles. The

desmonemes are present in both the tentacles

and cnidothylacies. The large macrobasic eu-

ryteles occur in very small numbers, and not

all cnidothylacies were found to possess them

(Fig. id-f).

THE hydroid: The hydroid is similar to

other species of Prohoscidactyla in that the

colony possesses two major types of indivi-

duals, the two-tentacled gastrozooids and the

gonozooids, which are without tentacles and

bear the medusa buds. Small gonozooids or

dactylozooids occur at the margins of the

hydrorhizal network. The gonozooids occur

as scattered individuals arising from the hy-

drorhizae and are never arranged in a row

immediately behind or on the gastrozooids,

as in P. flavicirrata or P. stellata. Up to a

maximum of four medusa buds may be borne

upon a single gonozooid. The individuals of

a colony seldom are as much as 1 millimeter

tall and are commonly about 0.8 millimeter

tall by about 0.1 millimeter in diameter. The
hydrorhizal network is devoid of any covering

and may form extensive anastomosing nets

running along the tube for as much as 15

millimeters.

The nematocysts of the hydroid are as

follows

:

Macrobasic euryteles 16—24X9— 12^

Large microbasic euryteles 9— 12X3

—

4/i

Small microbasic euryteles 5— 6X2— 3m

Desmonemes 6— 8X3— 4m

The macrobasic euryteles occur only in the

cap of the gastrozooid and the tip of the

gonozooid. The other three types of nemato-

cysts occur in most areas of the gastrozooid

and gonozooid although no small microbasic

euryteles were found in the gonozooids. Fig-

ure ‘be-h illustrates the nematocysts of the

hydroid.

THE HOSTS: Prohoscidactyla circumsabella oc-

curs most commonly on the sabellid Pseudo-

potamilla ocellata. Careful observation of other

sabellids, such as Eudistylia polymorpha and

Sabella media which sometimes occur with

Pseudopotamilla ocellata, have failed to reveal

the presence of a single "Lar” on the tubes

of these other worms. This may be due to the

fact that these worms commonly grow to a

considerably larger size than the common
host and are for this reason an unsuitable

substrate. Other sabellids, such as Myxicola

and Eudistylia vancouveri, have tubes whose

consistency or structure make it impossible

for this hydroid to live upon them. Of the

several different sabellids examined from

Monterey Bay and vicinity only a single ex-

ample of "Lar” upon any host other than

Pseudopotamilla ocellata has been found, and

this was a small colony on the tube of Pseudo-

potamilla intermedia. This worm had built its

tube of elongate, rather pointed, sand grains

and presented a much more irregular sub-

strate to the hydroid than the tubes of its

regular host. It appears that Prohoscidactyla

circumsabella is limited to hosts whose tubes

do not reach very large sizes, whereas P.

flavicirrata may be found upon tubes up to

about 1 centimeter in diameter. The largest

worm tube upon which P. circumsabella has

been found was about 4 millimeters in

diameter.
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Proboscidactyla occidentalis (Fewkes)

In 1889, Fewkes described a medusa, Willia

occidentalism from near Santa Cruz Island. From

his description it is clear that this medusa is

a Proboscidactyla

m

and, moreover, it is presumed

that this species is identical to that found at

La Jolla, California, because a single specimen

collected in 1950 near Santa Cruz Island is

identical to the more abundant La Jolla mate-

rial. Thirty-one medusae with 8-40 tentacles

have been examined from the San Diego area,

as well as a single 28-tentacle specimen from

Santa Cruz Island plus 18 colonies of a hy-

droid which have been assigned to this spe-

cies. The hydroids were found on sabellid

tubes which were associated with a kelp hold-

fast. This kelp holdfast was growing in 40 to

50 feet of water and was obtained by Conrad

Limbaugh on April 12, 1952, while diving

with an aqua-lung at La Jolla. The samples

from which the medusae were obtained were

collected by Conrad Limbaugh, Robert Bieri,

and John Bradshaw, of the Scripps Institution

of Oceanography.

THE MEDUSA: Medusae of this species have

been found in plankton samples collected at

Santa Cruz Island in the month of March,

1949, and from La Jolla and San Diego Bay

during the months of March through July,

1952. The largest medusa collected was a

female 3.5 millimeters high by 3.5 millimeters

in diameter. This medusa possessed 40 well-

developed tentacles. The smallest medusa was

slightly greater than 1 millimeter in height

and diameter and possessed eight tentacles.

In life little pigment is to be seen on these

medusae, except for the dark reddish-brown

to black bulbs of the tentacles. Some speci-

mens show a little light-brown pigment in

the stomach walls.

The gonads are apparent on 8-tentacled

medusae but do not begin to bulge from the

adradial walls of the stomach until about the

16-tentacle stage. The gonads appear ripe at

the 32-tentacle stage, and the female possess-

ing 40 tentacles seemed to have shed part of
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the eggs from one quadrant of the gonads.

As in the other species of Proboscidactyla
^
the

gonads do not fuse across the radial margins

of the stomach and are disposed as four in-

terradial masses consisting of paired adradial

lobes connected at the interradii by thin

sheets of gonadial tissue. The gonads, when
fully ripe, show folds along their medial

surfaces. The sexes are separate.

The manubrium is very short and the lips

are highly folded. This species closely resem-

bles P. flavicirrata in this respect.

The radial canals branch, and the general

pattern and order of development is presented

in Figure \a-c. Small variations in the location

and length of the branched canals occur from

quadrant to quadrant and specimen to spec-

imen; however, the order and final arrange-

ment seems to be relatively definite so that

when the 32 -tentacle stage has been reached

a difference in pattern of branching is ap-

parent when it is compared with the same

stage of P. circumsabella. This difference con-

sists of a pair of fourth order tentacles span-

ning the second order tentacle in P. occidentalism

whereas in P. circumsabella a pair of fourth

order tentacles span the left hand third order

tentacles (compare Fig. \c and l/).

In the figure of this species in Fewkes

(1889) a 20-tentacle medusa is shown. This

is presumably a fleeting stage in development

in which the first of the fourth order tentacles

had appeared. The radial canals shown in

Fewke’s figure represent a condition seldom

attained in this species in that he has shown

the canal branched into three equal parts,

with each of the lateral branches possessing

another branch. The manner in which the

canals of all species of Proboscidactyla branch

is such that this is nearly an impossibility. It

is presumed that Fewkes drew a symmetrical

diagram which was not a copy of the actual

pattern present. It will be noticed, if one

compares the figures of the three species of

this report showing the systems of branching

canals, that P. occidentalis and P. flavicirrata

tend to present a pattern in which the primary
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radial canal of each quadrant bifurcates rather

symmetrically, whereas in P. circumsabella the

primary canal seems to run directly to the

margin, giving off its branches laterally. This

difference is not absolute but applies in most

specimens.

A ring canal was present in most of the

individuals observed, although the specimens

possessing 32 or more tentacles did not show

this structure. The disappearance of the ring

canal seems to be a characteristic of adulthood

of this genus.

The bell of this species is somewhat thicker

then that of the other two species, and, also,

the tencency for the height to be the same as,

or greater than, the diameter is striking. In

preserved specimens the adoral end of the

stomach never is located more than half the

distance from the velar opening to the adoral

tip of the bell (see Fig. 7). Fewkes (1889)

described a slight constriction in the external

outline of the bell at a level with the base of

the stomach and showed this constriction in

his figure. This constriction was apparent in

two of the 31 specimens examined but ap-

parently is not characteristic of the species.

Fig. 7. Prohoscidactyla occidentalis. Whole medusa
with tentacles shown on one half only.

More commonly the bell is hemispherical or

is of an elongate shape such as could be

depicted by a figure representing slightly

more than half of an oval.

The nematocysts of the medusa present a

familiar pattern. Only two kinds, macrobasic

euryteles and desmonemes, are present, but

a rather unusually shaped medium-size ma-

crobasic eurytele occurs in the cnidothylacies.

This nematocyst (Fig. 'bh) is distinctive of

this species. In the tentacles a more usual,

small, macrobasic eurytele is numerous, as

are desmonemes. The nematocysts of this

species were found to be as follows:

Cnidothylacies

Large macrobasic

euryteles 24—28 X 1 1— 14/1

Medium macrobasic

euryteles 12— 17X 8— 12/t

Desmonemes 5— 6X 4— 5/x

Tentacles

Small macrobasic

euryteles 7— lOX 4— 5m

Desmonemes 5— 6X 4— 5m

Figure 3^-/ illustrates the nematocysts of this

species.

THE hydroid: The hydroid stage of this

species resembles in its general form that of

other known species, its most singular char-

acter being that the gonophores bear large

numbers of medusa buds which were not

discerned to have a regular arrangement upon

the gonophores. A maximum of 12 buds was

found to occur on a single gonophore among
the colonies examined. This material was col-

lected on April 12, 1952.

The gastrozooids are arranged around the

lips of sabellid tubes, sometimes forming a

complete circle, the two tentacles and mouth
facing the orifice of the tube. One colony,

which was growing on a tube which was

damaged on one edge, was located about 1.5

millimeters inside the lip of the tube. Because

of the manner in which the lip of the damaged

tube flared out, this placed the colony in
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direct contact with the bases of the worm’s

tentacles, which is the normal position, al-

though its location inside the tube was un-

usual, The hydrorhizal net of this specimen

started on the outside of the tube, traveled up

the tube to its lip, and then down inside the

tube to the ring of gastrozooids. The location

of this colony suggests that the individuals

may have migrated from the old lip to the

new position, although it may be that the

hydroid settled upon the tube after it had

been damaged. It is not known how ”Lar”

responds as its host lengthens and enlarges

its tube, if indeed the worm does so, after a

colony has established itself upon it.

The individual gastrozooids are never more

than 1 millimeter tall and are rather stout,

being 0.2 to 0.3 millimeter thick. The nema-

tocyst pad on the "head” is well developed

and is devoid of pigment, as is the ectoderm

in general. The endoderm is brown.

The gastrozooids are connected to one an-

other via a network of anastomosing, naked

hydrorhizae, these hydrorhizae not exceeding

0.1 millimeter in diameter.

Tentacleless gonozooids occur as scattered

individuals arising from the hydrorhizal net.

The gonozooids are about 1 millimeter tall

and bear a capitate, mouthless tip which is

studded with nematocysts. From 2 to 12 me-

dusa buds are borne on each gonozooid. They

arise at irregular intervals slightly above the

mid-point. The medusa buds show four spots

of brownish-red pigment which correspond

to the developing first order tentacle bulbs

and also a brownish pigm.ent mass represent-

ing the developing stomach. Medusa buds

were seen pulsating on several colonies, but

none were released before the specimens were

preserved.

The nematocysts of th e hydroid were studied

and found to be as follows:

Macrobasic euryteles 20—28X8

—

Large microbasic

euryteles 12—24X4— 6^i
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Small microbasic

euryteles 5— 8X2— ^/j,

Desmonemes 6— 9X3— 4m

The tentacles seem to possess only the small

microbasic euryteles, whereas the macrobasic

euryteles and desmonemes occur only in the

cap of the gastrozooid. The large microbasic

euryteles occur on the body of the polyp as

well as in the cap. The body of the polyp

also has small microbasic euryteles. Figure

5/-/ illustrates the above nematocysts.

THE HOSTS: This species (P. occidentalis) has

been found on two species of sabellids, Pota-

milla neglecta and Pseudopotamilla intermedia.

These worms were kindly identified by Dr.

Olga Hartman of the Allan Hancock Founda-

tion. Sabellids are not well represented in the

intertidal region near La Jolla, and only a few

small specimens of Pseudopotamilla intermedia

have been collected. These did not have any

"Lar” upon them. The material upon which

the hydroid was found was taken from 40 to

50 feet of water, as mentioned earlier.

DISCUSSION

A group of organisms, such as is repre-

sented by the genus Prohoscidactyla, presents

a number of interesting problems to the bi-

ologist. One of these problems concerns the

matter of symbiosis, more specifically com-

mensalism in this instance, and a second

concerns the special life history of this group

with the unavoidable complications encount-

ered where the two phases of the life history

are adapted to, or are adapting to, very dif-

ferent environmental factors.

In the Hydrozoa the tentacles, with their

associated nematocysts, represent the primary

tools for protection and food gathering, and

there are few hydrozoans which can be pointed

to as possessing reduced numbers of tentacles.

Protohydra and Tetraplatia are curious among
the Hydrozoa, indeed among the Coelen-

terata, in that these free living animals possess

no tentacles at all. On the other hand, among
the symbiotic Hydrozoa a rather large group
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of hydroids exists which possesses reduced

numbers of tentacles, and some have none.

Such forms as Hydrichthys, Icthyocodhm, and

Nudiclava are tentacleless, whereas Mono-

hrachium has but one and Prohoscidactyla but

two tentacles. The possibility exists that the

tentacleless forms exhibit a true parasitism

in which the hydroid uses the hosts’ tissues

for its food, as was claimed for Hydrichthys

by Warren (1916). The exact manner in which

Monobrachium is adapted to its bivalved host

is not clear inasmuch as living specimens have

not been studied, but for at least two of the

2 -tentacle Prohoscidactyla we have adequate

descriptions of tie living animal (Gosse, 1857;

Hand and Hendrickson, 1950). From these

descriptions we can see how well fitted these

animals are for their special way of life, but

they seem to have sacrificed certain usual

hydroid traits and the versatility of substrate

requirements of most hydroids for the limited

substrate offered by certain sabellids. The

known genera upon which these hydroids

occur represent but a small number of those

which appear to be available. Only Potamilla,

Pseudopotamilla, and Schizobranchia have so far

been reported as bearing Prohoscidactyla. Stud-

ies concerning host choice and relationships

among this group would appear to be worth

pursuing.

In most respects the life history of Probosci-

dactyla differs but little from that presented

in freshman biology as characteristic of the

Hydrozoa. However, a life history such as

this, with two well-developed, relatively long-

lived phases, is rather unusual in the animal

kingdom and presents certain difficulties to

the student of the group. The hydroid phase

is, in general, a sessile stage, adapted to its own
environment, whereas the medusoid stage is

pelagic and is adapted to a completely differ-

ent mode of life. Most students of the Hy-

drozoa look upon the hydroid phase as a

stage in development specialized for asexual

propagation and upon the medusa as the

adult, sexually reproducing stage of the life

history. Because of this curious division of

the life history, students of the Hydrozoa

have developed two "schools,” the one a

group of specialists in hydroids, the other

in hydromedusae. Therefore, we find today

that in many instances there are two sets of

nomenclature referrable to a given animal,

and there is no immediate hope of reducing

this gigantic taxonomic snarl to a satisfactory

systematic treatment. The prime hope would

seem to be the study of life histories in this

group so that the medusae may be referred

to their proper hydroids, and then gradually

the two systems will become one.

In the nearly 100 years since Gosse (1857)

described the first "Lar,” only three additional

species have been described. These three all

occur along the Pacific coast of North Amer-

ica, with one of them ranging to Japan. The
actual number of species which exist cannot

be determined at this time, but the possibility

that as many as a dozen occur is not im-

probable. Uchida and Okuda (1941) list four

certain species of medusae of Prohoscidactyla

with a fifth, originally described by Uchida

(1927) as Misakia typica, also included as a

distinct species. The status of several of the

ten species and varieties of Prohoscidactyla and

WilUa of Mayer (1910) certainly remains in

doubt, although the present study validates

Fewkes’ Willia occidentalis and adds a new
species, Prohoscidactyla circurnsabella. Foerster

(1923), in an excellent study of the hydro-

medusae of the west coast of North America

and particularly of the Vancouver Island re-

gion, lists four species of Prohoscidactyla. Of
these, two are merely cited from the literature

(P. occidentalis and P. ornata var. stolonifera)

,

but the other two (P. flavicirrata and P. poly-

nema) concern specimens taken in the Van-

couver Island area. Foerster reported ocelli on

the tentacle bulbs of P. flavicirrata; however,

this statement and that of Uchida and Okuda

(1941) are the only known instances where

ocelli have been reported for proboscidac-

tylans. In each instance, however, the report

has concerned P. flavicirrata, so ocelli may
occur in that species although specimens ex-
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amined by the writer have not possessed

ocelli. The species Prohoscidactyla polynema of

Foerster is referred to the animal described

from the Atlantic by Hartlaub (1917) as Po-

chella polynema. This medusa has no cnido-

thylacies (centripetal canals of Foerster), and

each primary radial canal gave off about six

lateral branches on each side. These characters

would make this an unusual species of Pro-

hoscidactyla, if, indeed, it is one at all.

The following four species of Prohoscidac-

tyla now have been described for both the

hydroid and medusoid stage of the life

history.

P. stellata (Forbes) (Hydroid Lar sabel-

larum Gosse)

P. flavkirrata Brandt

P. occidentalis (Fewkes)

P. circumsahella n. sp.

This leaves an ample number of hydroid

stages to be described, such as the several

which presumably live along the Atlantic

coast of the United States. At least one of

these hydroids is known to occur in Long

Island Sound (E. S. Deevey, in litt.). This

hydroid will probably be identified with the

medusa P. ornata (McCrady) when a critical

study is made.

In considering a group of species it is al-

ways interesting to see if a key to their evolu-

tion or the manner in which they are related

can be found. A group such as Prohoscidactyla

has no fossil record to help us, and today

they are widely distributed. At least four spe-

cies occur in the Pacific and an equal number

in the Atlantic. This does not immediately

suggest a key to their evolution.

If the hydroid stages of Prohoscidactyla are

compared, certain relationships are suggested.

P. stellata and P. flavkirrata both have gono-

phores borne close to or upon the gastro-

zooids, whereas neither of the other two spe-

cies whose hydroids are known is so con-

structed. Also, P. stellata commonly produces

six-rayed medusae, whereas P. flavkirrata may
have four, five, six, or eight radial canals.

This suggests a relationship between these

two, as the other two species seldom if ever

produce anything other than four-rayed me-
dusae. The nematocysts of the polyp stages

of P. stellata and P. flavkirrata also resemble

each other very much, but they also closely

resemble those of P. circumsahella and P.

occidentalis.

The gonozooids of the four species do not

give us much help beyond their location on
the colony. In P. stellata four medusa buds

are usually produced, whereas P. flavkirrata

may have up to eight buds; P. circumsahella

seems never to produce more than four, where-

as P. occidentalis produces up to 12.

The adult medusae of Prohoscidactyla seem

to offer the best evidence to their paths of

evolution. P. stellata and P. flavkirrata have

already been mentioned as having six or a

variable number of radial canals, respectively,

and it should be mentioned that P. mutahilis

of the South Atlantic is even more variable

than these two species. Of the three species

of the present report, the northern species

(P. flavkirrata) is largest and has more ten-

tacles than its two southern relatives.

The nematocysts of the medusae are known
for only the three species reported herein. Of
the three, P. occidentalis is the most distinctive

in that three sizes of macrobasic euryteles are

present of which one, the medium size, is

very unusual in shape. P. flavicirrata and P.

circumsahella, on the other hand, possess only

two sizes of macrobasic euryteles. If the ne-
j

matocysts of the medusae are used to indicate •

relationships, it appears that the latter two
|

species are more closely related to each other
|

than to P. occidentalis. In summary, then, it

appears that P. stellata and P. flavicirrata are
j

closely related, the latter being also near P.

circumsahella. P. occidentalis is somewhat more
|!

distantly related to these others in both its
'i

morphology and its geographic location. !

Another interesting medusa, P. ornata (Me-
j

Crady) var. stolonifera Maas, has been reported
j

from the Pacific at Acapulco harbor (Mexico)
!

by Bigelow (1909) and from the Malay Ar- :
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chipelago by Maas (1905). This variety should

be elevated to at least the rank of subspecies

and will be so considered in this study. P.

ornata stolonifera is a good-size medusa (about

5 mm. diameter) but has few tentacles as

compared to other Pacific species, its maxi-

mum number being about 20. Also, it is

distinctive from other Pacific species in its

possession of medusa-bearing stolons. It ap-

pears that this subspecies has been derived

from the Atlantic P. ornata-P. ornata gemmifera

complex, P. ornata (McCrady) being known

from southern New England to Beaufort,

North Carolina, and P. ornata (McCrady) var.

gemmifera Fewkes (see Mayer, 1910, for first

usage of this combination) from North Ca-

rolina to the Bahamas. As in the instance of

the variety stolonifera, this variety {gemmifera),

will be considered a subspecies. The species

P. ornata is distinguished from its subspecies,

P. ornata gemmifera, by the habit of the latter

of producing medusa-bearing stolons which

arise from the radial corners of the stomach.

Thus we have an interesting series ofmedusae,

ranging from New England to the Bahamas,

which, as southerly regions are reached, seem

to develop the character of asexually produc-

ing medusae from the medusa stage, and this

southern form has a close relative in the warm
waters of the Pacific which has a similar char-

acteristic. If one allows the speculation, it

seems possible that the Pacific P. ornata stolo-

nifera was separated from the Atlantic P.

ornata gemmifera after a period of submergence

and emergence of the Panamanian Isthmus.

It would be of real interest to study the

host substrates of the ^'ornata complex” to

see if these worms are related in a manner

similar to that of the medusae.

Kramp (1952) has reported Prohoscidactyla

ornata from the west coast of Chile. He had

but a single 3-millimeter specimen at his dis-

posal, and this specimen was not in good
shape. The possibility that P. ornata exists

along the coast of Chile will not be denied;

however, it may well be that this particular

specimen really represents a young specimen

of P. mutahilis or an undescribed species. That

Kramp 's medusa was not a P. ornata seems

even more likely if one considers the known
distribution of this species and its subspecies

in conjunction with the existing current sys-

tems (see, for example, Chart VII in Sverdrup,

Johnson, and Fleming, 1946).

Uchida (1927) rather thoroughly surveyed

the anthomedusan fauna ofJapan and in this

study listed five forms of what now make up,

part of the genus Prohoscidactyla, but did not

at that time recognize P. flavicirrata as occur-

ring in that area. In a subsequent report

Uchida and Okuda (1941) reported from

Japan a hydroid and medusa they took to be

that of P. flavicirrata, which I assume to be

correct. The identification of P. ornata and

P. ornata gemmifera in Japan (Uchida, 1927)

presents a problem in distribution and sys-

tematics. The P. ornata may well be the young

of P. flavicirrata, but the phenomenon of

budding in the medusoid stage has not been

reported for this latter species, so that there

is no ready suggestion as to what this budding

form may have been. That P. ornata and some

of its subspecies do or do not occur in Japan

cannot be stated with certainty at this time.

Moreover, the answer to this riddle may lie

in the fact that the ability of medusae of this

group to reproduce asexually may be more

widespread than is now realized. A number

of possibilities as to the identity of Uchida’s

P. ornata and P. ornata gemmifera certainly

exist. The species Willia stellata, Willia pacif-

ica, and Misakia typica (1927) would

best seem to be considered as synonyms of

P. flavicirrata, although the critical test of

this statement must await a study of their

nematocysts.

In the many records of the occurrence of

Prohoscidactyla, one notable fact is that these

medusae are absent from the high seas. They

occur instead in bays and along the coasts of

most parts of the world. This distribution

must certainly be the result of the dependence

of the hydroid upon sabellids, which worms
are most common in shallow water. A second
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curious phenomenon concerning the distribu-

tion of Prohoscidactyla is the extremely wide

range of the species, P. ornata. Kramp (1952)

lists this species from the Pacific coast of

Mexico, Japan, the tropical Pacific, the Ma-

layan Archipelago, and from Madras, India,

and, further, from the Atlantic coast of North

America, the Bahamas, Brazil, and Fernando

Po on the west coast of Africa. The other

species have much more localized distribu-

tions. Maas (1905) has pointed out that the

habit of budding practically puts Prohoscidac-

tyla in a class with holoplanktonic organisms.

Actually, the habit of budding does not seem

to be a character of the genus but rather of

the subspecies of P. ornata which, indeed,

may well account for its curious and wide-

spread distribution.

At this time it would appear that the follow-

ing species exist, occupying in general the

following areas. Most of the literature relevant

to these distributions has already been cited,

and that which has been omitted can be found

in Mayer (1910) or Browne and Kramp (1939).

1 . P. flavicirrata

2. P. circumsabella

3. P. Occidentalls

4. P. stellata

5. P. ornata ornata

6. P. ornata gemmifera

7. P. ornata stolonifera

8. P. mutabilis

North Pacific

Central Californian Pacific

Southern Californian Pacific

European North Atlantic

Atlantic, New England to

North Carolina

East and West Tropical

Atlantic

East and West Tropical

Pacific to Indian Ocean
South Atlantic and Straits

of Magellan

The above species may be related and may
have evolved along the following lines, but,

of course, this is speculative. To begin with,

I suggest a northern, inherently variable me-

dusa such as P. flavicirrata which possibly as

a circumpolar species gave rise to the Atlantic

P. stellata. P. flavicirrata or its predecessor

also gave rise to P. circumsabella and to P.

ornata. P. ornata seems to have developed its

southern subspecies gemmifera in the Atlantic

which by spanning the Panamanian Isthmus

has given rise to the subspecies stolonifera

which has spread via the tropical current sys-

tems throughout the tropical Pacific. P. oc-

cidentalis may be the offshoot of P. ornata

stolonifera or of P. circumsabella or some other

species. The origin of P. mutabilis of the

Falkland Islands and perhaps of the Pacific

is not apparent. However, another pattern of

evolution can be suggested which, based upon
major existing ocean currents, seems even

more plausible. Thus, starting with the vari-

able P. mutabilis and utilizing the currents of

the South Atlantic Ocean, medusae could be

carried to the Isthmus of Panama, to the

Gulf Stream, and into the North Atlantic to

England. The Pacific species could be de-

rived from a crossing at Panama or by moving
directly into the Pacific from the circumpolar

Antarctic currents. It would be possible to

start at almost any point in the oceans and

arrive at the same end results.

It is, of course, not necessary to accept any

point or species as the origin of this group

of medusae; the important fact would seem

to be that today Prohoscidactyla is a genus

which occurs in most oceans and presumably

has spread to these oceans via ocean currents

acting upon the planktonic medusoid phase

of its life history. One factor which would

appear to limit the distribution of this genus

in its spread would be a lack of suitable hoses.

Therefore, if this group and its evolution are

to be understood adequately, further studies

are needed not only on the hydroids and

medusae but also on the sabellids to whose

fate Prohoscidactyla has apparently attached

its own hopes for the future.
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Fishes Killed by the 1950 Eruption of Mauna Loa

11. Brotulidae^

William A. Gosline^

Deep-water brotulids have not hitherto

been recorded from Hawaii, or, for that mat-

ter, from the Central Pacific Ocean. The Mau-
na Loa collections contain five brotulid species

belonging to four genera. None of the species

can be allocated to known forms with any

certainty, and three of them are described as

new. One of the genera appears to be new.

Unfortunately, as is true of many deep-

water collections, each of the species is rep-

resented by a single specimen. This restricts

the possible value of the present report in

two ways. In the first place, the type and

range of variation within these Hawaiian spe-

cies must remain for the present unknown,

and the possibility exists that the specific and

generic descriptions are based on aberrant

individuals. However, only one of the spec-

imens at hand , which has a regenerated tail

shows any obvious abnormality. Fortunately,

all are adult or subadult and in good condi-

tion. The second, and perhaps more serious,

restriction lies in the infeasibility of dissecting

such specimens. I have indicated elsewhere

(in press) the great variability of the internal

characters in brotulids. It seems improbable

that a sound classification of this family can

ignore internal anatomy, yet it has been

deemed advisable to forego investigation of

most such structures in the specimens at hand.

However, if all specimens had represented

the same species, no insight into brotulid

variation at the specific and generic level

could have been obtained. As it is, a com-

^ Contribution No. 42, Hawaii Marine Laboratory.

2 Department of Zoology and Entomology, Uni-

versity of Hawaii. Manuscript received January 17,

1953.

parison between the Hawaiian specimens has

brought to light a few hitherto unused char-

acters which may prove of value in the

classification of the family as a whole.

This paper is limited to descriptive taxon-

omy in its narrow sense, but in the present

rudimentary state of knowledge concerning

the fishes of the family Brotulidae little else

is possible. The best that can be hoped, there-

fore, is that the rather full descriptions that

follow will make the specimens described

identifiable to future workers and that these

Hawaiian records can hence be incorporated

into the groundwork necessary for any sound

conclusions concerning brotulid derivation,

phylogeny, and distribution.

Before the various species are described,

it seems advisable to comment on two mor-

phological characters.

One is the nature of the copulatory organ

in the males of many brotulids. Hubbs (1938:

288) states, "The structure of the clasper-like

penis will probably prove to be one of the

most trenchant characters by which to sep-

arate the several genera of Brosmophycinae.”

Although I do not disagree with Hubbs ’s

statement, I have found the character of the

copulatory organ of the available male bro-

tulids difficult to use taxonomically. In the

first place, there seem to be no hard parts in
|

this rather complicated organ, and the relative
|

positions of its soft structures seem to depend ji

considerably on the preservation of the spec-
j;

imen. Whether, as stated in the literature,
|

this organ varies from individual to individual

is impossible for me to determine, but I am
inclined to believe that the observed varia- '

tions are due to differences of preservation.

68
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Second, the organ is difficult to describe or

illustrate adequately. In Figure 1, I have

drawn the external features of the four Ha-

waiian species for which I have males with

a copulatory organ.

Turner (1946: 92-96) has recently dealt in

detail with the male copulatory apparatus of

Dinematichthys, and I shall follow his termino-

logy. In all the four species I have examined,

the anus lies well forward on the midventral

line of the copulatory chamber (Fig. \a, c)

and is well separated from the anal origin by

the copulatory apparatus itself. In Microbro-

tula, a shallow-water genus described pre-

Fig. 1. Male copulatory apparatus of four species

of brotulids. h, Mkrobrotula rubra, from below and
from the side; c, d, e, Diplacanthopoma (sp.?), from
below, from the side, and from above; /, Diplacantho-

poma {rivers-andersontl), from above; g, Cataetyx hawaii-

ensis, from above. The head is to the right in all figures.

Abbreviations: an, anus; cl, clasper; fl, reverted flap

covering the urinary opening in Diplacanthopoma; fo,

superficial fold of skin covering genital structures in

Diplacanthopoma {rivers-andersonii)\ pe, penis; and ur,

urinary opening.

viously (Gosline, in press), the penis and

claspers project posteriorly beyond the walls

of the urogenital sinus and may be seen from

below or from the side (Fig. \a, b). The penis

is elongate and bent upward in the specimen

at hand so that its tip lies in part between the

claspers. The claspers are relatively large.

In Cataetyx (Fig. Ig) and Diplacanthopoma

(Fig. \c-f) the copulatory apparatus is bent

upward and appressed against the midventral

wall of the body in such a way that its outlets

cannot be seen from below or from the side.

In Diplacanthopoma rivers-andersoni? (Fig. if)

much of the area of the urogenital openings

is covered by a fold of skin. Such a fold is

not now present in the other specimens. In

both Diplacanthopoma and Cataetyx the area

of the urogenital openings is divided into two

sections. Within the posterior section lies the

penis. Whether this organ is exserted (Fig.

\e) or retracted (as apparently in D. rivers-

andersoni?, Fig. if) seems to depend upon

the circumstances at death and the nature of

the preservation. The forward section is

formed by the large opening of the urinary

sinus, and the two sections are divided by a

vertical wall which runs transversely. In Catae-

tyx the urinary sinus opens directly to the

exterior, but in Diplacanthopoma the urinary

opening is entirely covered by a reverted flap

which extends from the wall separating the

two sections. In neither genus are any vertical,

clasper-like flaps present.

Though a far more complete knowledge of

the variations in the copulatory apparatus

with preservation must be gained before this

structure, in the brotulids, can be used taxo-

nomically with any confidence, it does seem

that the copulatory organs of Mkrobrotula

and Dinematichthys are of a rather different

type from those of Cataetyx and Diplacan-

thopoma. The male organs of these last two

genera can in turn be separated readily by the

presence of a reverted flap covering the urinary

opening in Diplacanthopoma and the absence

of such a flap in Cataetyx.

The other character about which some com-
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ment seems desirable is the caudal fin struc-

ture. I have shown elsewhere (in press) that

the caudal fin in brotulids varies at least from

a fairly normal percoid type {Dinematichthys)

to one with a single "hypural” plate to which

only four rays are attached {Brotula and Micro-

hrotuld). The species here considered all fall

between these two extremes in that there are

never less than 10 or more than 12 rays ar-

ticulating with the last vertebra. These 10 to

12 rays are counted as the caudal rays in the

present paper.

The following characters are held in com-

mon by all the brotulids treated here and will

not be redescribed for each genus and species.

Body completely covered with overlapping,

elliptical scales with eccentric axes. No en-

larged lateral line scales. Dorsal and anal con-

tinuous with caudal. Pectoral fin undivided,

with no rays greatly produced. No barbels or

crests, but at least a few papillae on top and

sides of head. No spines on head except on

opercle and (in one species) on preopercle.

Mouth subterminal. A flap of skin above

opercle connected with the pectoral base.

Opening behind fourth gill arch restricted.

Three separate pairs of pharyngeals above and

one pair below, all with small, granular teeth.

Peritoneum black.

Counts and measurements for these five

species are given in Table 1 rather than in the

specific descriptions. The major differences

between the species are summarized in Table

2. Their interrelationships and the recorded

distributions of the genera to which they be-

long are dealt with at the end of the paper.

Genus Diplacanthopoma Gunther

Diplacanthopoma Gunther, 1887: 115. (Type

species: D. brachysoma Gunther, by mono-

typy-)

Sarcocara Smith and Radcliffe, in Radcliffe,

1913: 167. (Type species: Diplacanthopoma

{Sarcocara) brunnea Smith and Radcliffe, by

monotypy.)

Head with large muciferous channels, com-

pletely scaleless. Anterior and posterior nos-

trils well separated, the former opening on
the snout rim, the posterior just ahead of eye.

Teeth in villiform bands on jaws, vomer, and

palatines; the vomerine and palatine bands

very narrow. Posterior preopercular border

without spines. Opercle with a spine above,

ending in a sharply angulated point below.

Three developed gill rakers on the first arch.

Pelvic fins each of a simple filament that

originates below the opercle. Pseudobran-

chiae represented by a pair of minute filaments

or absent. Pyloric caeca absent.

The reasons for placing Sarcocara in syno-

nymy are explained by Norman (1939: 79).

Myxocephalus and Saccogaster appear to be

closely related to Diplacanthopoma and are

perhaps not genetically distinct.

Most of the seven known species of Di-

placanthopoma^ have been inadequately de-

scribed, probably due in part to the poor

condition of the specimens upon which the

descriptions were based. Scale count, for ex-

ample, is given for only one of the seven

species and fin counts for only two. The

described species have been differentiated

from one another (where they have been dif-

ferentiated at all) by such features as the shape

and size of the head, the size of the eye, and

the standard length. As a result, it is impossi-

ble to tell from existing descriptions (and

probably from re-examination of the type

specimens) how many of these seven species

are valid. Furthermore, all the species have

been described from one or a few specimens,

so that the nature of the individual variation

within species in this genus remains un-

known. Until abundant and topotypic mate-

rial of these species becomes available, there

seems no way of determining with any as-

3 Diplacanthopoma jordani, described from near the

Galapagos Islands by Garman (1899: 160), is not men-

tioned in Norman’s list of deep-water brotulid species

(1939: 84-92), nor can I find other mention of it in

the literature. In any event, D. jordant is described in

hopelessly unrecognizable fashion; no figure, no gen-

eric characters, no fin-ray or scale counts, not even the

length of the type is given.
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TABLE 1

Measurements* and Counts of Hawaiian Deep-Water Brotulids

Diplacan-

thopoma

{rivers-

andersonl?)

Diplacan-

thopoma

(sp.?)

Cataetyx

hawalien

-

sis

Volcanus

Uneatus

Pycno-

craspedum

armatum

Standard length (in millimeters) 292 135+ 222 267 302

Depth at anal origin 124 (262) 168 150 227

Snout to dorsal origin 295 (646) 359 318 195

Snout to pelvic origin 272 (591) 224 207 213

Snout to anal origin 473 75.8[mm.] 487 494 454

Pelvic origin to anal origin 256 (525) 280 293 260

Head to end of opercular flap 261 (579) 283 240 255

Postorbital head length 167 (355) 178 150 154

Length of upper jaw . 116 (263) 136 109 143

Snout 61 (142) 70 64 65

Fleshy interorbital 77 (153) 55 33 77

41 (103) 39 33 44

Distance between ends of free preopercular border 50± (145 =t) 75 ± 75=*= 95=*=

Distance between anterior and posterior nostril . . . 24 (66) 49 13 16

Greatest width of premaxillary tooth band 11 (16) 7 10 13

Length of premaxillary tooth band 99 (199) 94 83 122

Greatest width of mandibular tooth band 8 (13) 6 9 10

Length of mandibular tooth band 82 (183) 102 83 97
Greatest width of vomerine tooth band 3 (12) 6 7 10

Length of vomerine tooth band 37 (78) 37 30 35

Greatest width of palatine tooth band 3 (13) 5 10 4

Length of palatine tooth patch (91) 48 56

Length of longest pelvic filament 147 (343) 118 151 115+
Length of pectoral fin 130± (275+) 110+ 105 157

Length of caudal fin 58 87 82 99
Length of longest dorsal ray 110^ (198) 51 52 85

Greatest height of fleshy membrane on dorsal base. 15 (30)
• 40 58

Transverse scale rows 140 ± 126+ 200 =fc 175=*= 135=^

Transverse scale rows ahead of anal origin 47 48=*= 50± 72 =t 40=*=

Scales above lateral line ll=t ll=b 17± 16=*= 20=*=

Scales below lateral line 27± 34 ± 34 ± 35=*= 47=*=

Predorsal scales 29 38 48 44 9

Dorsal rays 163=^ 130+ 88=*= 89=*= 90 ±
Anal rays iri± 95+ 67=*= 77=1= 72 ±
Caudal rays 10 11 12 10

Pectoral rays 26 28 25 26 26
Pelvic filaments 1 1 1 2 2

Developed gill rakers 3 3 3 3 5-6

Branchiostegal rays 8 8 7 8 8

* Measurements, except standard length, are given in thousandths of the standard length. However, for Diplacanthopoma
(sp.?), which has lost the posterior tip of the body, measurements are given in thousandths of the distance from the snout
to the anal fin origin. A -j- alone indicates that- the actual value is at least as great as the figure.
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surance what names should be applied to the

Diplacanthopoma specimens at hand.

It would be an easy matter (and one for

which the precedent has already been set in

Diplacanthopoma) to describe the Hawaiian

species as new. However, I can see no ad-

vantage in doing so at present. It would ap-

pear preferable to describe the Hawaiian spec-

imens sufficiently for specific recognition,

leaving the names to be applied to them to

the time when the genus can be revised on a

world-wide basis.

The two specimens in the present collec-

tions appear to represent two species. It is

true that most of the differences between

them could be attributed to discrepancies in

preservation, to size, to the regeneration of

the tail in one, or to individual variation.

There are, however, a few characters that ap-

parently could not be attributed to any of the

above categories.

Diplacanthopoma (Privers-andersoni

Alcock)

Tables 1, 2; Figs, l/, 2a, 3^

IDiplacanthopoma Rivers-Andersoni Alcock,

1895: 144 (Arabian Sea); Alcock, 1895.^,

pi. 17, fig. 1 (from the holotype); Alcock,

1899: 98-100 (on the holotype); Norman,

1939: 91 (species listed).

MATERIAL EXAMINED: 1 male, 292 mm. in

standard length, taken off the Mauna Loa

lava flow, Hawaii, by Gosline, Hayes, Keen,

and Ellis, June 6, 1950.

Body tapering to a rather fine point poste-

riorly, the 10 caudal rays articulating with a

single, undivided hypural and forming a very

narrow, pointed tail. Head large, subcylin-

drical, entirely scaleless. Maxillary reaching

about to level of posterior border of eye.

Posterior nostril a large hole just ahead of

eye, partially covered over in front by a flap

of skin. Anterior nostril in a short tube at

rim of snout. Large sinuses on head: one un-

der each ramus of lower jaw, a second below

preopercle, a third within the fleshy flap above

the opercle, all these sinuses inflated in this

specimen. Snout rim, from beside premaxil-

lary pedicels to about opposite middle of eye,

with an elongate, slit-like cavity, closed over

at two points by narrow, fleshy bridges. Free

preopercular border somewhat angular below,

but without developed spines. Lower points

of opercle not penetrating flesh.

Teeth all small but not of equal size, some

Fig. 2. a, Diplacanthopoma {rivers-andersoni1)\ b, Di-

placanthopoma (sp.?); c, Cataetyx hawaiiensis; d, Volcanus

lineatus; e, Pycnocraspedum armatum. Scaled portions of

head are indicated by stippling. The limit of the scaly

lobe on the pectoral fin base is shown by the dotted

line. The limits of the fleshy sheaths along the bases

of the dorsal and anal in Diplacanthopoma are shown
by broken lines. The lateral lines of the body are shown
in three ways: the superior, rudimentary line of Cataetyx

by dots; developed lateral lines consisting of papillae

penetrating the scales by dashes; and continuous,

fleshy tubes running along the surface of the body by

solid lines.
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granular, some sharply conical. No teeth on

tongue or branchial arches. Lower pharyngeal

tooth-patches widely separated. Premaxillary

bands separated by a slight interspace at

symphysis. Vomerine teeth in a continuous,

narrow band. Palatine band very narrow, prac-

tically two-rowed. Tongue a short, blunt

knob, which does not extend as far forward

as the vomer. Slit behind fourth gill arch very

small. Pseudobranch represented by a pair of

minute filaments on one side, but apparently

absent on the other.

Lateral line composed of small papillae that

penetrate the scales at intervals; in two sec-

tions, the anterior straight and well dorsal on

the back to about the level of the anus, the

posterior mid-lateral from above the anal ori-

gin to the end of the body, becoming less

prominent posteriorly.

Dorsal originating nearly an eye diameter

behind the pectoral axil, the rays, as in the

anal, increasing gradually in length to near

the tail. Dorsal and anal with a scaleless basal

sheath of skin which covers the greater part

of each of the first rays but which decreases

in width posteriorly, terminating slightly

ahead of the tail.

Pectorals with the rays graduated in such

a way as to give the fin a somewhat tapering

point above the middle. Base of pectoraTfin

with a scaleless, lobate sheath which con-

trasts strongly with the scaled lobe from which

the pectoral base projects. Pelvics originating

approximately under the lower point of the

opercle, each of a simple filament which is

apparently composed of two fused rays.

Copulatory lobe present (Fig. if). Air blad-

der present.

Body brownish. Head and fins bluish black.

The specimen described above appears to

differ from D. hrachysoma Gunther (1887: 115)

in a number of minor respects. D. hrachysoma

is said to have the eye equal to the interorbital

width; the specimen at hand has the eye con-

siderably less than the interorbital width.

(However, the Hawaiian specimen is consid-

erably larger than the type and only specimen

75

of Gunther’s species.) Also, the dorsal fin of

D. hrachysoma seems to originate farther for-

ward than that of the Hawaiian specimen, and

no basal, fleshy sheaths along the dorsal and

anal are described or figured for D. hrachysoma.

D. rwers-andersom Alcock (1895: 144) is the

second species to be described in the genus.

Though there are several descrepancies be-

tween Alcock’s description and plate and the

specimen at hand, I can find none that seem

to be of certain specific validity. Alcock’s

plate shows enlarged scales along the front of

the lateral line, but, as most of the scales in

Alcock’s specimen appear to have been lack-

ing, I am not sure that this is not an artist’s

artifact. The head of the Hawaiian specimen

appears to be somewhat larger (but Alcock’s

specimen was larger), and there is no scaleless

membrane figured or described on the base

of the pectoral fin of D. rivers-andersoni. (As

in D. hrachysoma, no fin-ray or scale counts

are given for Alcock’s species.)

From D. hrunnea Smith and Radcliffe (Rad-

cliffe, 1913: 167), the Hawaiian specimen dif-

fers distinctly in the more numerous fin rays.

D. raniceps Alcock (1898: 154), D. alcocki

Goode and Bean (1895: 528), D.jordam (1899:

160), and D, nigripinnis Gilchrist and von

Bonde (1924: 20) are inadequately described

species about which little can be said.

Diplacanthopoma (sp..^)

Tables 1, 2; Figs. Ic-e, 2h, ^h

MATERIAL EXAMINED: 1 male, 135 mm. in

standard length, collected off the Mauna Loa

lava flow, Hawaii, by Moore et al., June 3,

1950.

This specimen has a regenerated tail, and

its standard length, lateral line scale count,

and dorsal and anal count are consequently

all abnormal, i.e., too low. In general, the

specimen is in a better state of preservation

than that of D. {rivers-andersoni?)

,

with fewer

scales lost, the mucous sinuses on the head

and the fleshy sheaths at the bases of the fins

less bloated, etc. The fish, however, has died

with the gill covers widely flaring and the



76 PACIFIC SCIENCE, Vol. VIII, January, 1954

isthmus pushed up against the roof of the

mouth, giving the head a flattened appear-

ance as compared with D. (rwers-andersomP)

.

I believe this apparent difference is due to the

manner of preservation and that the head

shapes of the two species are actually very

similar.

The differences in counts and measure-

ments of the two Hawaiian species of Dipla-

canthopoma are given in Table 1. Among these

the most marked discrepancies are the some-

what larger head and eye, the longer ventral

filaments, and the more numerous predorsal

scales in D. (sp.?). However, more significant

structural differences are also present. In D.

(sp.?) the cleithrum just above the pectoral

base projects backward as a sharp point which

can easily be felt through the skin; in D.

{rivers-undersoni?) there is no such point. In

D. (sp.?) the basal part of the pectoral fin

rays are scaled; in D. {rivers-andersoni?) there

are no scales on the base of the pectoral rays,

though a fleshy sheath extends on to the fin.

Again, in D. (sp.?) there is a patch of teeth

at the base of the third gill arch on each side;

in D. {rivers-andersoni?) there are no such

patches. Finally, in the latter species the

lower pharyngeals appear to be much more

widely separated than in D. (sp.?). Aside from

these differences, the description of D. {rivers-

andersoni?), given above, will apply equally

well to D. (sp.?).

D. (sp.?) appears to differ from D. hrachy-

soma in about the same way that D. {rivers-

andersoni?) does, but I cannot with any

certainty distinguish it from any of the other

six described species in the genus. Indeed,

it is quite possible that this specimen, and

not the one I have provisionally called D.

rivers-andersoni, represents that species.

Genus Cataetyx Gunther

Type species: Cataetyx messieri Gunther

(1887: 104), by monotypy.

The genus Cataetyx has been interpreted

very broadly by Norman (1939: 83) as in-

cluding those brotulids with the following

characters

:

Head low, more or less depressed. Opercles

and cheeks scaled. Interorbital region and

preopercles without spines. Snout and lower

jaw without barbels. Vomer and palatines

toothed. No canine teeth. Two to five devel-

oped gill rakers on the first arch. Body scaled,

not very tapering posteriorly. Lateral line pres-

ent, double, inconspicuous. Caudal united

with dorsal and anal, dorsal with more than

90 rays, anal with more than 70. Tips of

cleithra firmly united. Pelvics each of a simple '

filament originating behind eye. Flap-like ap-
|

pendages near pylorus.
i

Within the genus Cataetyx as thus defined, i

the species C. messieri, C. rubrirostris, the spe-
|

cies described below, and perhaps C. laticeps '

(of which the teeth are said only to be "'in
j

viliform bands,” Koefoed, 1927: 137) would
;

seem to form a closely related group. ^ These
|

may be differentiated from other species in-
|

eluded in the genus by Norman (1939: 90)
j

by having the head scaled to forward of the
!

eyes and some enlarged teeth on the sides of
|

the mandibles and on the vomer and pala- I

tines. Whether the genus should be restricted
|

to such species, I do not have the material to
|

determine. Under any circumstances, how-
|

ever, Pteridium alleni Byrne does not appear
j

to belong in Cataetyx, where it was placed by i

Norman {loc. citi).
j

Cataetyx hawatiensis n. sp.
|

Tables 1, 2; Figs. Ig, 2c, 3c

j|

Holotype: U. S. N. M. 162715, a male 222

mm. in standard length, collected off the

Mauna Loa lava flow, Hawaii, by Gosline,

Hayes, Keen, and Ellis, June 6, 1950.

Body tapering to a rounded point poste-
;|

riorly, covered with nonembedded, overlap- |i

. !

Another species which may belong in this group jl,

but which is impossible to place from the description
!

is Oculospinus brevis Koefoed (1927: 138). Koefoed’s I

new genus {Oculospinus) and both of his new species i

have been omitted from Norman’s "Synopsis” (1939:

79-92).
!



Fig. 3. a, Diplacanthopoma {rivers-andersoni'^)\ b, Diplacanthopoma (sp.?); c, Cataetyx hawaiiensis; d, Volcanus

lineatus; e, Pycnocraspedum armatum. Above, tooth bands of upper jaw and roof of mouth; below, tongue and tooth

bands of lower jaw and on lower half of gill arches. Upper pharyngeals and spinous gill rakers omitted. The
bases of the gill slits are shown (hatched) in two species. Certain differences in the relative position of the parts,

e. g., whether or not the gill covers are widely flaring, are undoubtedly caused by differences in preservation.

ping scales. Eleven caudal rays articulating

with a single, medianly incised hypural plate.

Head depressed forward, eyes high on snout

and directed more superiorly than laterally,

covered with scales except for isthmus, lips,

maxillaries, and area around rim of snout. No
spines on head except for single opercular

spine. Maxillary extending about half an eye

diameter beyond eye, largely concealed by

suborbitals when mouth is closed. Posterior

nostril a large hole near front of orbit and

slightly below level of middle of eye. An-

terior nostril over snout rim. Snout with three

enlarged pores on either side in front just

above rim; two pores near lower border of

suborbitals; a pore on mandibles on either

side of isthmus under jaw bone; about three

pores along rami of hyoid arch, and one

on lower border of preopercle. Free preoper-

cular border more or less rounded, spineless.

Opercle not ending in a sharp point below.

Flap above opercle covered with minute scales.

Teeth in upper jaw in a villiform band;

laterally, teeth increase somewhat in size from

outer to inner row. Mandibular rami raised

posteriorly, their teeth in long bands. In front

the mandibular teeth are in about a half

dozen rows, outer three or four small, inner

somewhat enlarged. Faterally, teeth in two

rows, inner consisting of sharply conical teeth

several times as large as those of outer row.

Posteriorly, outer row of small teeth drops

out leaving only a single row of enlarged

teeth, this row continuing well behind pre-

maxillary rows. Vomer with two patches of

teeth separated by a median interspace under

which the tongue protrudes; each patch con-

sists of about a dozen slightly curved, conical

teeth. Palatines with long band of conical

teeth less than half the size of those on vomer,

with inner rows larger than outer. No teeth

on tongue or on bases of the four gill arches.
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Lateral line in two sections, with some evi-

dence of a supplementary third section above

in front. This uppermost line consists of about

six papillae running along either side of nape

from behind the occiput to just in front of

level of dorsal origin. Upper major lateral line

running backward from lobe above opercle,

following contour of back and then bending

downward posteriorly, ending above origin

of about fifth anal ray. Lower lateral line com-

mencing above anal origin and continuing

along mid-sides almost or quite to posterior

end of body. All three lateral lines apparently

composed of papillae that project through

the scales.

Vertical fins scaleless, but a lobe of scales

projecting on to base of pectoral. Dorsal

originating well behind pectoral base, its rays,

and also those of anal, all low but highest

about middle of fin. Dorsal and anal rays

enclosed in skin for most of their length, but

this fleshy sheath not forming a prominent

band as in Diplacanthopoma. Caudal rays pro-

jecting well beyond dorsal and anal rays. Pec-

torals badly frayed, but apparently short and

broad. Just above pectoral base a blunt, con-

cealed, backwardly directed point on clei-

thrum. Pelvics originating under preopercle,

reaching less than half way to anus.

A single, short, pointed, pyloric appendage.

No pseudobranch.

Head and pectoral base bluish black. Body

brownish. Pectoral rays and membranes en-

closing bases of dorsal and anal black. Pro-

jecting sections of dorsal and anal light.

C. hawaiiensis differs from C. messieri Giin-

ther in a number of minor respects. The anus

is well forward of the middle of the standard

length in C. hawaiiensis (it is median in C
messieri). The head appears to be flatter and

broader forward, with the eyes more upwardly

directed than in Gunther’s species. The eyes

are also nearer the front of the head, so that

the snout plus eye (measured over a horizontal

plane for comparison with Gunther’s plate)

is contained about two times in the post-

orbital head against about 1.6 times in Gun-

ther’s plate of C. messieri. The head length is

considerably more than half the distance from

snout tip to vent in C. hawaiiensis, less than

half that distance in C. messieri. The dorsal

origin lies behind the mid-point between

snout and vent in C. hawaiiensis, over it in

C. messieri. Finally, the dorsal and anal of the

Hawaiian species seem to differ in being

lower, in having fewer rays, and in being

scaleless (Gunther’s plate of C. messieri shows

scales on the bases of the vertical fins).

Cataetyx hawaiiensis differs from Gilbert’s

description of C. rubrirostris (in Jordan and

Evermann, 1898: 2505) in two major features

and in dimensions. In C. hawaiiensis there is

no "short, sharp spine directed backward im-

mediately behind posterior nostril’’; instead,

the posterior nostril opens out from what

appears to be a bony trough just in front of

the eye with a single row of scales separating

this nostril from the orbit. In C. rubrirostris

there are said to be "about 135 transverse

series’’ of scales; in C. hawaiiensis the scales

are more or less regularly arranged, and many
of them have been lost from the holotype;

nevertheless, four counts made of the trans-

verse series ranged from 190 to 235 scales.

In dimensions C. rubrirostris would appear to

have a larger eye, shorter snout, and narrower

interorbital.

In the shape of the head C. hawaiiensis re-

sembles C. laticeps Koefoed {loc. cit.) more

than it does C. messieri. But C. laticeps, like

C. messieri, is said to have the anus under the

middle of the standard length rather than far
{

forward as in C.* hawaiiensis. In addition, C.
|

laticeps is said to have the posterior nostril
j

well in front of the eye and to have nine

branchiostegal rays (seven in C. hawaiiensis)

.

j

Genus VOLCANUS nov. '

Type species: Volcanus lineatus n. sp.
‘

Body tapering, but with a truncated pos-
j

terior tip at the end of the two well-developed
f

hypurals. Caudal rays considerably exserted. '

Lateral line single, incomplete, running along

surface of body as a continuous fleshy tube J
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from flap above opercle about to below dorsal

origin. Scales of sides of body with more or

less randomly scattered pores, some along

mid-sides perhaps representing rudiments of

a lower lateral line.

Top of head scaled to in front of eyes;

rami of lower jaw, branchiostegal membranes,

and maxillary partially scaled; snout in front,

lips, lower border of suborbitals, and isthmus

completely scaleless. Snout rim bordered by

three or four fleshy, leaf-like flaps on either

side. Six hair-like lines running backward over

scaleless area of snout on each side, forming

slight fleshy ridges. No crests or spines on

head except for a single, weak opercular spine.

Posterior nostril well ahead of eye, about

midway between anterior orbital rim and an-

terior nostril, which exits from a tube well

back from snout rim.

Small, granular, pavement-like teeth in

short, broad, continuous bands on premaxil-

laries, mandibles, and vomer. Tongue rela-

tively elongate and pointed but not reaching

as far forward as vomer. Two developed gill

rakers below and a third at angle of first arch.

Pseudobranch reduced to two small filaments

on one side and one on the other.

Pelvic fins composed of two filaments each,

these divided nearly to their base and origin-

ating below the opercle, the outer about half

the length of the inner. Pectoral apparently

short and rounded, undivided, a scaly basal

lobe extending out about two fifths the length

of the fin. No sharp point on cleithrum above

pectoral base. Dorsal commencing about two

thirds of the way out along the depressed

pectoral fin. Dorsal, anal, and caudal scaled

basally.

Judging from Norman’s key (1939: 80-84),

Volcanus is most closely related to Luciohrotula

Smith and Radcliffe (Radcliffe, 1913: 170).

It differs, however, in lacking a lower oper-

cular spine, in having an incomplete lateral

line which is developed as a fleshy tube be-

tween and above the scales, and apparently

in the peculiar arrangement of flaps and lines

on front of snout. Upper part of suborbitals

and area between posterior nostril and eye

apparently unsealed in Luciohrotula, but scaled

in Volcanus.

Volcanus also bears a superficial resemblance

to Bassogigas and Neohythites but differs at once

from these genera in the fewer developed gill

rakers and the less complete squamation of

the head.

Volcanus is named for Vulcan, the Latin

fire god, to whom I am much indebted for

sending this fine fish collection.

Volcanus lineatus n. sp.

Tables 1, 2; Figs. 2d, 3V

holotype: U. S. N. M. 162716, a female

267 mm. in standard length, collected by

Moore et al., June 3, 1950, off the Mauna
Loa lava flow, Hawaii.

The holotype at present has the head thrown

back and the gill covers widely flaring. It is

more or less impossible to judge the head

shape in life. However, the head appears to

be relatively small, its length about equal to

its distance from the anus. The eyes seem to

be on the dorsolateral surface of the head and

are separated by a flat interorbital. The pos-

terior nostril is a semicircular hole with the

median rim straight. Just posteromedially of

this nostril a narrow, linear fleshy ridge com-

mences (resembling a thin barbel attached to

the surface of the head for its entire length)

which runs back along the upper rim of the

orbit. There are four or five scale rows en-

circling the eye below and in front, except

for the area of this ridge. Scaleless area of front

of snout with other, similar, longitudinal

ridges. Rim of snout with small, overlapping,

leaf-like appendages. Maxillary reaching about

half an eye diameter beyond eye, with a sm'all

patch of about six scales posteriorly. Sub-

orbital rim double for most of its length, with

about three inconspicuous pores along its

lower edge. Mandibles covered below by a

series of assorted scales, fleshy ridges similar

to those on front of snout, pores, and pockets

with papillae in center. Top of head poste-

riorly, and to some extent the cheeks, with
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fleshy papillae as well as scales. Free preoper-

cular border somewhat angled but without

spines. Opercle with a single weak spine above,

which does not protrude through the flesh,

and no indication of a spine at its lower angle.

Teeth uniformly small, granular; the vomer-

ine band of teeth in a widely flaring V of equal

width throughout. There is a broad, median

patch of teeth between the bases of the second

gill arches which extends almost from the

bases of the first to the bases of the third.

Posterolaterally to this there is a patch of

teeth on each side lying on the front surface

of the bases of the third gill arches.

Dorsal origin less than a head length be-

hind occiput, the dorsal rays increasing in

length to about two thirds of the distance to

the tail, then decreasing to the caudal base.

Anal rays shorter than dorsal rays and more

nearly equal in length throughout the fin.

Pelvics originating close to one another and

to the symphysis of cleithra, somewhat scaled

at base.

The holotype and only specimen has the

ovaries somewhat distended and filled with

very numerous small eggs. No pyloric ap-

pendages.

More or less uniformly brownish on body

shading into bluish black on fins, head, and

belly.

The trivial name lineatus (L.—lined) is

given in reference to the linear fleshy ridges

on the front of the snout and on the lower

jaw.

Genus Pycnocraspedum Alcock

Tables 1, 2; Figs. 2e,

Type species: P. squamipinne Alcock (1889:

386), by monotypy.

Body tapering to a truncate point. Caudal

distinguishable from dorsal and anal by closer

grouping of last 10 rays, these not much
exserted and articulating with a medially in-

cised hypural plate. Lateral line single,

straight, continuing almost to posterior end

of body, lying in a fleshy tube which extends

over surface of, or between, scales for its

entire length.

Top of head completely scaled to snout
rim. Maxillaries, rami of lower jaw, isthmus,

and branchiostegal membranes scaled; only

the lips scaleless. Rim of snout forming a

smooth, continuous rim unbroken by pores

or flaps; a few relatively small pores opening
out above rim. Pores on mandible and cheeks

inconspicuous; mucous sinuses not apparent.

A few fleshy papillae on head, apparently over

sensory canals. Opercle with a single sharp

point above, the exserted point completely

surrounded by scales; apparently, opercle does

not form a point below. Small, scaly lobe

above opercle.

Posterior nostril opening out into a low,

flat collar just ahead of eye; no scale rows

between it and eye. Anterior nostril in a tube

about halfway between posterior nostril and

snout rim.

Uniformly small, granular teeth on pre-

maxillaries, mandibles, vomer, and palatines.

Vomerine teeth in a continuous, broadly

V-shaped patch under which lie the small,

pointed tongue, medianly, and the wings of

the hyoid arch, laterally. Three or four devel-

oped gill rakers below and another at angle

of first arch. Pseudobranch rudimentary.

Dorsal originating over gill cover. Dorsal

and anal rays longest just ahead of tail and

covered for the greater part of their length

with scales. Pectorals fairly long, scaled bas-

ally. Pelvic fins each of two filaments which

are united basally, separate distally, outer fila-

ment about two thirds as long as inner. Pelvic

origin below preopercle, considerably behind

symphysis of cleithra.

Pycnocraspedum armatum n. sp.

Tables 1, 2; Figs. 2e, 3^

holotype: U. S. N. M. 162717, a female

302 mm. in standard length, collected off the

Mauna Loa lava flow, Hawaii, by Hayes and

Burke, June 3 and 4, 1950.

The general appearance of this fish is quite

Brotula-\ikQ (except for the absence of barbels)

with compressed, scaled head and the vertical

fins with high, scaled, but poorly delimited.
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fleshy sheaths. Head length greater than its

distance from anus. Eyes lateral, with maxil-

laries reaching almost an eye diameter beyond

them. Snout without flaps or ridges, anterior

nostril well back from its edge. Preopercle

with four sharp points, between which the

preopercular border is scalloped.

Basibranchials with an almost continuous,

median band of teeth of even width (divided

into two sections above bases of third gill

arch) running from base of tongue almost to

base of lower pharyngeals, which are close

together.

About a dozen, hnger-like pyloric caeca.

This specimen appears to be a female with

small, undeveloped ovaries. The specimen

either had spawned recently or it represents

the immature form of a rather large species.

Pycnocraspedum armatum differs distinctly

from P. squamipinne, the only other known
species in the genus, in having well-developed,

sharp points on the preopercular border. Al-

cock (1899: 84) says that P. squamipinne has

"two or three rather indistinct points at the

angle of the preoperculum,’’ but only one is

shown in his plate (1895?, pi. 21, fig. 1). In

addition, the dorsal fin of P. armatum origin-

ates forward of (rather than behind) the pre-

opercular border, and the pectoral fin reaches

about to the anus.

The .trivial name armatum (L.—armed) is

given in reference to the spines on the pre-

opercular border.

INTERRELATIONSHIPS OF HAWAIIAN

DEEP-WATER BROTULIDS

In a family as large and varied as the Bro-

tulidae, it is perhaps presumptuous to try to

determine interrelationships from the five spe-

cies at hand. Yet, to fail to do so would seem

to be making incomplete use of available

material, scanty as it is. The following brief

discussion is therefore undertaken, with the

full realization that any conclusions reached

must remain highly provisional. The bases

for these conclusions are summarized in

Table 2.

The five brotulids in the lava flow collec,

dons would seem to fall into three groups-

(1) the two species of Diplacanthopoma:

(2) Cataetyx, and (3) Volcanus and Pycnocras-

pedum. Arranged in this way, these brotulids

form a series ranging from those with the

head completely scaleless {Diplacanthopoma)

to Pycnocraspedum with the head entirely

scaled. On this character alone Volcanus, with

the head partially scaled, would fall with Ca-

taetyx, as it would if gill raker count, dorsal

fin origin, or preopercular armature were used.

However, I feel that Volcanus is more closely

related to Pycnocraspedum because of similari-

ties between these two genera in dentition,

the position of the anterior nostril, the lateral

line structure, and, to a slight extent, because

of the development of a bifid pelvic filament.

In the general classification of the family

as erected by Radcliffe (1913) and Norman

(1939), Pycnocraspedum occupies a somewhat

dubious position somewhere between the ovi-

parous forms with a fully scaled head and

rather numerous well-developed gill rakers,

and the viviparous forms with the head par-

tially scaled or naked and only three devel-

oped gill rakers (see Norman, 1939: 89).

Unfortunately, whether Pycnocraspedum is

oviparous or viviparous remains unknown.

The same is true of Volcanus, though the

numerous small eggs of the holotype of V.

Uneatus bear far more resemblance to the eggs

of the oviparous Brotula than they do to the

few large eggs of the viviparous Dinematich-

thys and Microhrotula. Indeed, Brotula itself

demonstrates that there are oviparous bro-

tulids with the head completely scaled and

the developed gill rakers reduced to three.

In view of these points the contingency is

presented that between the "oviparous’’ and

"viviparous" groups as drawn up by Norman

(1939, key sections C and CC, pp. 80 and 82)

there lies an intermediate group of oviparous

genera with the head more or less fully scaled

and the number of gill rakers more or less

reduced. Such a possibility is not pleasant for

makers of keys to brotulid genera to con-
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template. However, whether or not such an

intermediate group is discovered eventually,

it seems probable that a more thorough knowl-

edge of the internal and external characters of

brotulid genera will make necessary a rather

drastic revision of any classification that has

hitherto been erected.

GEOGRAPHIC AND BATHYMETRIC
RELATIONSHIPS OF HAWAIIAN
DEEP-WATER BROTULIDS

The fact that none of the five Hawaiian

species of deep-water brotulids can be cer-

tainly allocated to hitherto described forms

is striking. It could indicate an endemic Cen-

tral Pacific brotulid fauna. In the light of

shallow-water fish distribution—including

that of Brotula multibarbata^ which ranges

from South Africa to Hawaii— this seems im-

probable. Or it might indicate that the Mauna
Loa lava flow has brought to the surface

wide-ranging brotulids that live in habitats

heretofore unsampled. However, in view of

the fact that most of the other described

brotulids have also been taken only once, it

most probably serves merely as a further dem-

onstration of how inadequately brotulids have

been collected. If this last is the correct ex-

planation, the inference is that the Brotulidae

will eventually prove to be one of the larger

fish families.

Turning to genera, Volcanus has been hith-

erto unknown. The distribution of the species

presumably related to the Hawaiian species

of the other three genera is shown in Table 3.

Aside from pointing out the wide extent and

variety of these generic distributions, little

can be said. Cataetyx hawaiiensis suggests af-

finities with the tropical West American fauna

and Fycnocraspedum armatum with that of the

Indian Ocean, but in the present state of

knowledge such suggestions are purely ten-

tative. Perhaps a more curious aspect of the

Hawaiian forms is their almost complete lack

of affinity with the best known of brotulid

faunas—that of the Philippines (Radcliffe,

1913).

TABLE 3

Distribution of Species Related to the Hawaiian
Deep-Water Brotulids

SPECIES LOCALITY DEPTH

Fathoms

Diplacanthopoma

hrachysoma Brazil 350

rivers-andersoni. . .

.

Arabian Sea 947

rankeps Andaman Sea,

Gulf of Aden 405-600

alcocki Andaman Sea 490
jorduni Galapagos 385

brunnea Philippines,

Arabian Sea 375-1,050

nigripinnis Natal 700

Cataetyx

messieri Chile 345

rubrirostris California 205-359

Pycnocraspedum

squamipinne Bay of Bengal,

Zanzibar 130-250

Regarding depth distribution, Table 3 in-

dicates Pycnocraspedum to be a shallower-water

genus than Cataetyx or Diplacanthopoma. In

line with this, the Hawaiian specimen of Pyc-

nocraspedum was among the earliest of the

fishes collected after the lava flow entered the

water. It also maintains a brownish coloration,

whereas the others range from gray to blue

black.
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Report on a Trip to Marcus Island with Notes on the Birds

Nagahisa Kuroda^

Marcus Island, situated about midway be-

tween the Bonin Islands and Wake Island in

the western Pacific, is a small, remote island

which belonged to Japan until World War
II and is known to the Japanese as Minami

Torishima, the South Bird Island. It is now
in the possession of the United States, but a

Japanese weather station, constructed after the

war, is the only establishment on the island.

A zoological survey of this island was

planned by Hokkaido University, which sent

Mr. M. Yamada (for the litoral invertebrata)

and Mr. S. Sakagami (for the insects). I

joined them to make bird investigations,

through the kindness of Professor T. Uchida,

Hokkaido University, Dr. S. Wadachi, head

of the Central Weather Station, and other

gentlemen of the Station—Mr. N. Yamada,

the Chief Secretary, Mr. Y. Nakada, head of

the Marcus Island Section, Mr. T. Doi, the

head, and Mr. S. Kitada, the secretary, of the

Supply Section, and other people concerned.

My cordial thanks are due these gentlemen

and also Dr. H. E. McClure of the 406th

Medical General Laboratory in Tokyo.

Taking advantage of the supply ship, "Ku-

roshio-maru” (450 tons), in charge of the

Central Weather Station of Tokyo, we left

Tokyo Harbor on April 25, 1952, arrived at

Marcus Island on April 30, and stayed for

a week until we embarked on May 7 to

return to Tokyo. It was an intergrading sea-

son, the weather ranging from winter to sum-

mer type, and the sea was rough with N.N.E.

winds which prevailed in about 4-day cycles,

1 Yamashina Museum of Birds, 49 Nanpeidai-machi,

Shibuya-ku, Tokyo, Japan. Manuscript received Jan-

uary 29, 1953.

alternating with a summer wind from S.-

S.S.W. which calmed the sea and brought hot

atmosphere. Navigating southward through

latitudes of about 28-33° N., far east by

south of Hachijo Island, the change of tem-

perature and the color of the sea showed the

demarcation between temperate and semi-

tropical waters. The southerly rear-guards of

the Black-footed Albatross, Ptijfinus carneipes,

Storm-Petrels, and Skuas, which were migrat-

ing to the temperate zone, were already in

the cooler area north of the aforementioned

latitudes. To the south, tropical species such

as Puffinus nativitatis and Pterodroma were en-

countered. Sea birds in general, however,

were scarce, the main group of oceanic mi-

grants having passed north already, and the

tropical species were probably concentrated

around the breeding islands. Only the follow-

ing species were seen en route:

Oceanodroma tristrami (or matsudairae)

A few were seen scattered over the ocean

and followed the ship but were distributed

north of about 27-28° N.

Oceanodroma castro (or leucorhoa)

Two were observed closely on May 10 at

about 33° N.

Puffinus leucomelas

Many were observed near the mouth of

Tokyo Bay on April 26, and a few were seen

north of 30° N. on May 10.

Puffinus carneipes *

Six birds in all were seen north of about

33° N. on May 10.

Puffinus tenuirostris

Two or three were seen as far south as

about 26-27° N. on April 29. They were late

84
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individuals, as the early birds can be seen

along northern Japan in late April.

Puffinus nativitatis

Small compact flocks and a few individuals

were occasionally encountered south of about

27° N. and also around Marcus Island.

Pterodroma brevipes hypoleuca

Occasional individuals were seen sailing

over the sea south of 27-29° N.

Diomedea nigripes

A few were always seen, sometimes floating

on the water, and they followed the ship

south to about 28° N., but none was observed

to the southward. D. immutabilis was not seen;

its occurrence in Japanese waters is earlier

than nigripes.

Stercorarius pomarinus

Two birds were seen in Tokyo Bay on April

26, and a bird followed the ship for a while

on April 28 at about 28° N.

Stercorarius longicaudus (?)

Three birds, probably of this species, were

seen at a distance on April 27.

On arriving at Marcus early in the morning

on April 30, Sterna fuscata and Anous stolidus

were seen flying about the island but were

never observed offshore.

GENERAL FEATURES OF MARCUS ISLAND

The island is situated over 1,000 miles from

Tokyo, 600 miles S.E. by E. of the Bonin

Islands (Chichijima) and 790 miles N.W. of

Wake Island at 24°14' N. and 154° E.,^ in

the same latitude as the north point of

Formosa.

According to Yoshida, the former Japanese

garrison (crew of "Kasagi”) recorded a sum-

mer temperature of 87-88° F., rarely over

100° F. The colonists recorded over 130° F.

outdoors, at the most 92-93° F. indoors, and

in winter never lower than 60° F. Bryan, dur-

ing a week’s stay in August, noted a low of

72° F. and a high of 82° F. The spring tem-

perature during our stay was as shown below:

2 Various other records have been made of its posi-

tion. Cf. Bryan, 1903: 78-79; Yoshida, 1902: 674.

Temperature

Date Maximum Minimum
°C. °C.

April 30 25.5 20.0

Mayl... 27.5 21.2

May 2 25.9 19-8

May 3 24.6 20.9

May 4 25.5 20.7

May 5.... 26.7 22.0

It was, however, very hot indoors, and the

sunshine was strong and glaring against white

coral gravel, the earth temperature reaching

about 45-50° C. The brooding terns and nod-

dies seemed to sit on their eggs to protect

them from being overheated, as the eggs were

cooler than the gravel. The weather was fine,

and the only precipitation was on the night

of May 2. Rainfall is rare, and, as fresh water

is lacking, the drinking water is said to be

obtained mainly during the rainy season in

August.

The whole island is formed of coral gravel

and is flat, being only a few meters above

sea level. It has a triangular litoral line, a little

over 4 miles in extent, the white beach being

particularly extended at the western point. The

coastal reefs are to be found along the north-

ern and northeastern beaches, and the island

is surrounded by scattered coral rocks about

200 meters offshore, especially on the north-

ern coast. Formerly, the island must have had

some elevated parts, as Bryan reports that

’'Near the north end the land attains a height

of seventy-five feet which was the highest

point found,” and, ”In the middle of the

island along this side the highest point is not

to exceed forty feet, while at the southeast

point an elevation of sixty-five or seventy feet

is attained.” However, at present the whole

island is almost entirely flat as the result of

war destruction, and the central planted part

is low, reminding us of former lagoons, which

he mentioned. At these places he found "four

separate deposits of loose black alluvial soil,”

which were a few feet deep according to Yo-

shida, but we found such soil to be entirely

lacking at present, and there was no sign of
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Fig. 1. Map of Marcus Island. A, weather station; B, a tochka on which noddies are breeding; C, main breeding

place of the Sooty Tern, which also breeds on the outer coral rocks and flocks on the coastal reef.

the Cocos nucifera, which is said to have been

thickly planted at these lagoons in an area of

about three acres.

The central cover consists chiefly of Messer-

schmidta argentea ('Monpanoki’), a brushy

plant, mixed with a few Pisonia grandis (To-

gemi Udonoki’), with a dense creeping

undergrowth of Ipomoea Pes-caprae ('Gunbai-

hirugao’) and a few grasses. There were a few

poorly grown papayas and five bananas, the

latter having recently been brought from the

Bonin Islands. It is interesting that Bryan

reports no natural papaya, but states that he

gave some seeds, together with those of sev-

eral other plants, to the Japanese colonists to

plant. Bananas were also introduced formerly,

according to him, but have never fruited, and

tobacco was then cultivated to be smoked by

the colonists. Small land crabs, locusts, skinks,

and geckos as well as Oedemeridae were par-

ticularly abundant, and we saw a dragonfly

of Sympetrum type, said to be common in

summer. We also obtained a young specimen

of Rattus rattus alexandrinus, an unhealthy

animal, found wild among the Ipomoea.

The above general features of the island,

however, are now in a devastated state as the

result of the recent war.
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BRIEF HISTORY OF MARCUS ISLAND

It is said that an American priest discovered

the island first, naming it Marcus, or Weeks,

Island (whether Weeks is identical with Mar-

cus is not clear). In November, 1883, Tsune-

taro Shinzaki landed on the island as the first

Japanese, coming on board the British ship

"Eta” of the Yokohama Konshiro Company.

Another Japanese, an offshore fisherman of

Kinkazan (N. Honshu), reached the island

accidentally. In 1889, Captain Rosehill of the

United States visited the island and suggested

its commercial value to his government, and

in December, 1896, Shinroku Mizutani, the

chief of the South Pacific section of the Tokyo

Bird and Mammal Company, explored the

island, followed by Haruzo Kobayashi, a

former navy officer. They emigrated the na-

tives of the Bonin Islands and Hachijo Island

to Marcus, to engage in collecting feathers

of the albatross which was then very abundant.

This trade was assisted by Shichigoro Ka-

mitaki, a trader merchant of Yokohama, and

the trade patent for bird-feather collecting,

fishing, and salt production was given to

Mizutani by the Tokyo Prefectural Govern-

ment, which, on July 24, 1898, declared Mar-

cus Island to be in the Bonin Islands section

under the name Minami Torishima.

In July, 1902, a Japanese cruiser, "Kasagi,”

commanded by Lt. Akimoto, was dispatched

to the island to receive the expedition party

of Dr. Bryan of the Bishop Museum of Hono-

lulu, who stayed on the island the week of

July 30. On August 28 of the same year, an-

otherJapanese cruiser, "Takachiho,” with Dr.

Shinpo, Mr. Yoshida, newspapermen, a law-

yer, and others on board, visited Marcus on

a round-trip cruise from Yokosuka-Torishima-

Marcus-Bonin Islands.

Both Bryan and Yoshida reported on the

history, geology, climate, fauna, and flora,

and the more scientific and detailed report by

Bryan is of particular importance in ornithol-

ogy. As curator of ornithology at the Bernice

P. Bishop Museum, he gives valuable data

on the bird life of the island, reporting many
species which are not found on the island

now, including Micranous marcusi, which he

described as a new species. Yoshida, a geolo-

gist, only reports some birds in vernacular

names used on the island. According to him,

there were 29 colonists (including four wo-

men) making their living by catching the

birds which they stuffed for exportation. The

birds, about 20 species in all, were all sea

birds crowding all over the island and were

exceedingly tame. They were caught with a

bamboo pole with a round net at the end and

were stuffed in fast procedure. This regrettable

slaughter, chiefly of Sterna fuscata, which was

the most numerous species, is further de-

scribed in detail in Bryan’s report. Most re-

grettable is the fact that the albatrosses,

Diomedea immutabilis and D. nigripes, for whose

feathers the colonists first settled on this

island, were already all gone by that time.

The sad history of their disappearance is also

recorded in detail in his report.

PRESENT CONDITION OF THE ISLAND

Until how recently the colonization existed

is not certain. However, World War II was

undoubtedly the second and decisive crisis

for many species of birds, as the physical

topography was entirely changed. About

5,000 Japanese troops were garrisoned on the

island, and after severe bombardment by

United States planes they retreated from the

island before the end of the war to be replaced

by American troops. The newly constructed

camps and materiel of the latter were then

all destroyed (a few trucks and jeeps have

been repaired and are now in use on the is-

land) by a violent typhoon, accompanied by

storm waves which washed out almost one

third of the island. (Bryan reports typhoons

of particular violence in October, 1901, and

September, 1902.) Subsequently, a weather

station was constructed on the eastern coast

by the Japanese under the supervision of

American occupation forces (construction

was begun in December, 1950). About 30
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persons are now working at this station, sup-

plied every 3 months with foods and materials

from the Tokyo Central Weather Station.

Now being totally disfigured, Marcus Is-

land, which lies peacefully and beautifully

with green cover and white beach surrounded

by deep-colored semitropical ocean, im-

pressed us as a disappointment as soon as

we landed on it. Everywhere on the island are

to be found residues of war. All along the

coast are trenches, with tochkas here and

there on which rusted anti-aircraft guns are

still pointing to the sky. On the northern

coast, from the eastern end to the western,

a broad runway was constructed for occa-

sional visits of airplanes, and almost all the

southwesterly one third of the island is left

as it was devastated by the typhoon, the ruins

of United States camps and trucks scattered

everywhere. Thus, the brushy jungle which

formerly occupied four fifths of the island

{fide Yoshida) is now restricted to a small

central section through which roads pass and

which in many places is dug up for air-raid

shelters, while ruined, rusty gas tanks are

conspicuous among the green cover.

Under such circumstances, with continuous

human intervention, many sea birds which

formerly bred abundantly on this island have

disappeared completely. The burrow-nesting

shearwaters {Fuffnuspacifcus) lost their breed-

ing place in the soily regions, and the ground

and tree nesters such as Puffinus nativitatis.

Frigate Bird, Tropic Bird, and Boobies as

well as the beautiful Fairy Tern have aban-

doned the island. The island, formerly crowded

by these birds, is now nothing but a ruined

coral elevation. In fact, Bryan reports (Aug-

ust) 18 species of sea birds, including migrant

waders, of which 9 species were breeding,

and he secured 56 specimens without using

a shotgun (the use of a shotgun is said to

have been prohibited by the Japanese cruise

ofiicer).

On my recent trip (early May) I found but

eight species, of which only two, Sterna fuscata

and Anous stolidus, were breeding. The length

of both Bryan’s trip and mine was a week,

and, although my visit was seasonally earlier,

I was told by the workmen of the station that

none of the other species come to breed in

the summer.

The Sooty Tern {Sterna fuscata), which I

estimated at about 1,000, should have been

at least several times as many formerly. They

are unfortunate survivors, because, to my re-

gret, their breeding is still being disturbed.

Their whole flock was gathering at the west-

ern beach when I landed on April 30, but it

was a surprise that only three eggs were found

left and few females were about to lay eggs.

At this beach many eggs were said to have

been taken until just a few days prior to our

visit. Two days after, I noticed that the whole

flock had given up this beach, scattering to

the outer coral rocks of the northern side

where wading is necessary to reach the eggs.

They seemed to have soon laid eggs at these

new, safer places, and this habit has appar-

ently retained their present number. How-
ever, if this condition continues, their future

decrease to the point of extinction on Marcus

is quite certain, and, therefore, I hope that

my friends on this remote island will pay

attention to the future of their birds.

The noddy {Anous stolidus), on the other

hand, is a species that has found new egg-

laying places on war remnants which are safer

than their former favorite sites on the trees,

as reported by Bryan, where the eggs were

likely to be disturbed by people. A few of

them still breed on the coral rocks with the

Sooty Terns, but they now breed principally

in small colonies on abandoned gas tanks,

tochkas, and the like, and even high up on

the wireless towers. All these colonies are,

therefore, inaccessible, or at least hard to

reach, and, though their number is only about

200 in all, this species may increase in the

future until these few safe places become

crowded. However, compared with the for-

mer population their decrease is evident.

Only a few other species of birds were found

on the island. Two Gygis alba were seen and
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obtained, but they were nonbreeding indivi-

duals as both were females with small ovaries

;

none of the Anous minutus marcusi originally

described from this island by Bryan was found.

About 20 Golden Plovers were the only fam-

iliar birds living on the ground, and five

American Wandering Tattlers were staying

on the coastal reef on the northern side. A
Turnstone and a Whimbrel showed up for

a 1-day rest on their migration, and a Great

Skua (probably) was unexpectedly seen.

According to the station workmen the is-

land is only occasionally visited by the Frigate

Bird, and recently an Ardeapurprea (probably)

and three white Egrets were obtained or noted

on. the island as stragglers.

ANNOTATED LIST OF BIRDS

Although the island was formerly crowded

with sea birds, the species known from this

island are very few, 32 so far recorded. Situ-

ated out in the ocean apart from other islands,

Marcus seems to be visited by only a few of

the migrant shore birds in very small numbers,

but casual migrants or stragglers will be added

in the future. Land birds are entirely lacking,

and this might be correlated with the history

of the formation of the island. It was surpris-

ing that we found skinks and ground insects,

including ants, on this small coral island. That

land birds can not thrive on this island is

easily explained by the lack of fresh water and

foods such as fruits and a variety of insects,

Fig. 2. Rusty gas tanks on which noddies are breed-

ing. Photograph by author.

spiders, or earthworms. Moreover, the only

trees are two kinds of small, tropical, brushy

ones, and, though they make a rather thick

jungle, it is too simple a cover without any

big trees which will offer a good, cool shelter

for arboreal birds.

Bryan reported 18 species mostly collected

by himself, and there are a few species to be

added to his list based on specimens formerly

preserved in the Tokyo University and in the

Matsudaira, Kuroda, Sr., or Takatsukasa Col-

lection, some of which are now deposited in

the Yamashina Museum but others were de-

stroyed during the war. These specimens were

mostly obtained from stuffed-skin dealers in

Tokyo. On the present trip the only species

new to the list were sight records of Numemus

phaeopus variegatus and Catharacta skua (not

definite) and the herons of which I was told

by the station workmen.

The list of known species are as follows:

1 . Fregata minor minor (Gmelin)

Bryan reports, under the name Fregata

aquila, a full note on nest and chicks and

mentions how it attacks the boobies.

There are three specimens, in the Yama-

shina Museum, one adult and two juve-

niles obtained in 1911, and there were

six more specimens (1911 and June, 1910)

in the Kuroda and Takatsukasa collec-

tions (all destroyed). A bird is said to

have appeared in May, 1951, and late

April, 1952.

2. Sula leucogaster plotus (Forster)

Bryan observed only a few individuals

on the rocks but saw a young bird which

had been captured and kept alive by the

colonists. He reports this gannet under

the narne 5. cyanops.

3. Sula sula rubripes Gould

Thousands were breeding in August

when Bryan visited the island. A detailed

field note on eggs and chicks is given

by him.

4. Sula dactylatra personata Gould

Under the name Sula piscator, Bryan

reports a few observed specimens of this
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booby and one specimen given to him

by colonists,

5. Phaethon rubricaudus rothschildi

(Mathews)

Bryan reports in detail on its breeding,

eggs, and chicks but mentions that it was

already decreasing at that time. Two
specimens are now in the Yamashina

Museum, one a former Tokyo University

specimen, September, 1902, and the other

from the Bernice P. Bishop Museum,
August 5, 1902.

6. Phaethon lepturus dorotheae

Mathews

No record is found in literature except

in the Hand~List of the Japanese Birds

(1922, 1932, 1942). The source has ap-

parently been the specimen in the former

Kuroda or Takatsukasa Collection, now
destroyed.

7. Oceanodroma furcata furcata

(Gmelin)

Also reported only in the Japanese

hand-list, 1932 and 1942.

8. Puffinus pacificus chlororhynchus

('cuneatusj Lesson

Bryan found this species nesting in

burrows at soily places, and many were

seen by him resting under bushes or logs.

Eggs and chicks are also reported.

9. Puffinus nativitatis Streets

Young of all stages are reported by

Bryan, who found this species under

bushes or roots, together with P. pacificus

and tropic birds, but never in burrows.

There is one specimen, dated November,

1913, in the Yamashina Museum (former

Matsudaira Collection)

.

10.

Pterodroma (Pbrevipes) hypoleuca

(Salvin)

[For specific name cf. Austin, Jr.,

1952: 393d
Not reported by Bryan, but in the

Yamashina Museum (former Matsudaira

Collection) there is one specimen ob-

tained in October, I9O8.

11. Bulweria bulweri bulweri (Jardineand

Selby)

Only recorded in the Japanese hand-

list, 1932, 1942.

12. Diomedea immutabilis Rothschild

Only one was seen and another was

secured by Bryan, who reports the former

abundance and slaughter by colonists.

13. Diomedea nigripes Audubon
None of this species was seen or se-

cured by Bryan, but he reports that he

was told that it was as abundant as the

above species.

14. Tringa incana incaoa (Gmelin)

Few of this subspecies probably visit

Marcus Island regularly. Bryan observed

several birds in August and secured a

specimen from the colonists. I saw five

birds during my stay, obtaining one bird

on May 1.

15. Calidris ferruginea (Pontoppidan)

Only recorded in the Japanese hand-

list, 1922, 1932, 1942.

16. Pluvialis dominicus fuivus (Gmelin)

This species is a familiar plover on

Marcus and is said to be seen in almost

any season. About 20 were on the island,

and I obtained two samples on April 30

and May 5. They were seen all the time

on the hot surface of the runway or on

the roads through the jungle, only ap-

pearing on the beach to bathe and drink

water. Bryan observed a flock of 11 birds

on August 4.

17. Thalasseus bergi cristatus (Stephens)

Only recorded in the Japanese hand-

list, 1922, 1932, 1942.

18. Sterna hirundo longipennis

Nordmann
Only recorded in the Japanese hand-

list, 1932, 1942.

19. Sterna lunata Peale

There are seven specimens (dated Oc-

tober, 1910) in the Yamashina Museum
(former Matsudaira Collection) and one

in the Game Management Bureau, To-

kyo, with the same date.
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Fig. 3. A pair of noddies on a broken tochka near the shore. An egg lies below them. They are also breeding,

in company with Sooty Terns, on the rocks in the background. Photograph by author.

20. Sterna anaethetus anaethetus Scopoli

Only recorded in the Japanese hand-

list, 1922, 1932, 1942.

21. Sterna fuscata oahuensis Bloxam

Bryan reports this tern as by far the

most abundant bird and mentions its

slaughter by the colonists. During March

to September alone not less than 50,000

birds are said to have been killed. A spec-

imen dated September, 1903, is in the

Yamashina Museum (former Tokyo Uni-

versity Collection), and I secured eight

birds and three eggs. The Marcus spec-

imens are larger than those of the Bonin

Islands, Palau Island, or Riukiu Islands.

About 1,000 were breeding on the

beach and coral rocks. They are said to

have arrived about a week before our

visit on April 30. The female lays a single

egg. No chicks were seen. In the early

morning they were scattered around the

island and gathered in a flock on the

beach or coral reef. All day long, almost

always in pairs, they were flying high and

low, sometimes soaring at a great height,

over the island to and from the coastal

breeding place. Their white underparts

and underwing coverts are quite beau-

tiful when seen from below against the

background of deep blue sky. Toward

the evening and at night they were par-

ticularly noisy around the colony. When
the colony is intruded upon, they crowded

noisily over the intruder with harsh cries,

almost attacking his head, and always

from behind. Once a flock was observed

fishing a little offshore on the northeast

side of the island where squid (and, con-
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sequendy, big fishes) are abundant. All

the birds obtained, including also Anous

and Gygh, had small squid in their pro-

ventriculus. They never seemed to go far

from the island.

22. Procersterna cerulea saxatilis Fisher

Only one specimen (purchased in To-

kyo) obtained in August, 1911, was in

the former Kuroda, Sr., Collection.

2 3. Anous stolidus pileatus (Scopoli)

This noddy was found by Bryan breed-

ing in good numbers preferably on trees,

and all stages of the young were seen in

his visit in August. I found about 200

birds breeding in separate colonies on

ruined gas tanks (four in number, about

10 pairs on each), a small wooden tank,

and an abandoned tochka, and a few

birds high up on the top of the wireless

tower. A few isolated pairs were nesting

on the beach and coral rocks. Seven ex-

amples and four eggs were obtained.

Their flight is different from that of the

Sooty Tern (slower wing beats), and

their edged, pointed wings often looked

like those of a falcon; their large tails

are very characteristic. They often skim

near the water surface which they touch

with their bills, probably to drink. A pair

was often observed to make a rapid cir-

cling flight, almost touching each other,

with very rapid flapping, then to rise

higher and higher into the sky. This is

apparently a kind of pleasure or court-

ship flight. Pair after pair were flying

rather low over the island between the

colony and the coast and were often ob-

served picking up nest materials—small

sticks, dried grasses, etc.—from the

ground while fluttering their wings. At

their colonies they sat closely on the

eggs, and now and then the whole group

took wing to circle around the colony

for a while and then settle again. A few

were seen at a great height on. the wireless

tower, sitting and bringing back nest

materials, and flying until after dark.

Their voice is quite characteristic, rather

resembling that of a crow though much
weaker, and they make two sounds—

a

call note of one syllable and an alarm

note, translated by Bryan as K-r-uk,

K-r-u-k. These voices, heard in hot at-

mosphere, are very impressive.

Anous differs from Sterna in various

respects besides external characters and

voice. The body fat and yolk of the egg

are yellow instead of orange as in Sterna

fuscata; the sternum, which is double

notched posteriorly in Sterna, is single

notched in Anous; the syrinx, correlated

with the characteristic voice, is peculiarly

provided with a gelatinous cover; and

the caeca are long, not being the small

attachment usual in the gulls and terns.

24. Anous minutus marcusi (Bryan)

The original description is given in

Bryan’s report based on two adults and

fledged young. He reports that this spe-

cies was much less abundant than the

previous one. The Yamashina Museum
has two specimens obtained in 1910 (for-

mer Tokyo University Collection), and

another is in the Game Management

Bureau Collection, dated December 4,

1908. None of this species was found

during my visit.

2 5. Gygis alba Candida (Gmelin)

Bryan reports this species as quite com-

mon, breeding in jungles, and he ob-

served many grown chicks. Now it

apparently does not breed, for the only

birds seen, which were obtained, were two

females with reduced ovaries. They were

flying over the wooded parts and resting

in Messerschmidia. The basal half of the

bill is a beautiful cobalt blue, the rest

being bright black; the iris is almost

black; the feet are bluish white with

creamy white webs and black claws; and

the skin is grayish black.

There are two specimens in the Yama-

shina Museum, dated September, 1902

(Tokyo University Collection), and No-
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vember, 1910 (Matsudaira Collection),

and another example with the latter date

is in the Game Management Bureau

Collection.

26. Larus argentatus vegae Palmen

A March specimen was given to Bryan

by the colonists, who are said to have

reported to him that it had been obtained

four times previously in the winter season.

He was told also that another species of

gull had sometimes occurred.

The following are sight records.

27. Numenius phaeopus variegatus

(Scopoli)

I observed one bird on May 6.

28. Calidris acuminata (Horsfield)

Bryan reports a single example ob-

served on August 6.

29. Arenaria interpres interpres (Linne)

Bryan observed a flock of 11 birds on

August 4, and I saw a bird on May 1.

30. PCatharacta skua

One bird was observed from a distance

in the early morning of May 3 (after rain)

at a pool remaining on the runway. It

was preening its feathers and flew off

soon so that I could not see it, but Mr.

Sakagami saw the white part on its wings.

In addition to the above, the following two

species are to be added, of which I was told

by the weather station workers.

31. PArdea purpurea

A bird was caught in mid-April, 1952.

It was in an exhausted state and was

finally caught by hand, apparently a

straggler.

32.

Egretta sp.

Three white egrets stayed on the island

during the summer of 1951 and disap-

peared after a typhoon.
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Some Aspects of the Biology of the

Aku, Katsuwonus pelamis, in the Hawaiian Islands

Vernon E. Brocki

The aku, Katsuwonus pelamis (Linne), is the

most important species of fish taken com-

mercially in Hawaii. It supports the only Ha-

waiian fishery which supplies a product,

canned tuna, for export as well as for local

consumption. It is, on the one hand, a species

that affords the greatest promise for expan-

sion of the Hawaiian fishing industry and, on

the other, one of which little or nothing of

the life history or biology is known.

Hence, the scientific staff of the Division

of Fish and Game of the Territory of Hawaii,

following an initial study of the length fre-

quencies of Hawaiian aku by Bonham (1946),

has been engaged in several projects con-

cerned with the biology of this fish. Included

among these projects are further studies of

length frequencies, studies of the span and

character of the spawning season, of the na-

ture of schooling, and of the conduct of the

fishery with a view toward establishing a basis

for obtaining a fairly accurate measure of

catch per unit of effort. The present paper is

concerned with all these projects except the

last.

Beginning in the late summer of 1946, aku

obtained from the commercial landings were

sexed and the length measured. The technique

of sexing will be described later; the measure-

ment of length obtained was from the tip of

the snout to the end of the mid-caudal rays.

This measurement was taken by means of

calipers similar to those described by Marr and

Schaefer (1949). In part, measurements made

1 Division of Fish and Game, Board of Agriculture

and Forestry, Honolulu, Hawaii. Manuscript received

November 7, 1952.

during 1950 and later were taken by marking

the length on a celluloid strip by punching
a hole in it. The lengths obtained are, for the

same fish, very slightly less than the lengths

obtained by the use of calipers. During the

winter off-season period, both the number
of fish measured in a sample and the number
of samples obtained were affected by the avail-

ability of fish at the cannery; however, the

frequency of sampling was chiefly affected.

The number of fish entering into each of the

percentage frequency curves plotted in Figure

1 is shown in Table 1. As individual samples

usually represented some 100 fish, and some-

times much less, it is obvious that most of

the percentage frequency curves of Figure 1

are composed of a number of samples com-

bined together.

In the beginning of the program, estimates

of the degree of maturity of the fish sampled

were made by noting the appearance of the

gonads; however, these estimates did not

provide a measure of sufficient accuracy to

show adequately the spawning season of this

species. For this reason, beginning with the

summer of 1948, ovaries were removed from

20 of the fish in each sample and preserved

in formalin, and subsequently each ovary was

drained and weighed to the nearest tenth of

a gram. From each, 50 ova chosen at random

were measured to the nearest one hundredth

of a millimeter by means of an ocular micro-

meter in a compound microscope.

Beginning with the summer of 1949, a large

part of the samples taken for length measure-

ments were taken aboard the aku fishing

vessels while landing the catch. These sam-

94
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TABLE 1

Year-Class Modal Lengths in Centimeters at Various Mean Dates

mean
SAMPLING DATES

YEAR-CLASSES

(dated by PRESUMED YEAR OF ORIGIN) NUMBER OF
FISH MEASURED

1943 1944 1945 1946 1947 1948 1949 1950

Sept. 15, 1946 80.36 74.40 43.74 2,311

Dec. 8, 1946 81.46 75.96 51.95 3,463

July 3, 1947 79.30 68.10 43.96 5,364

Feb. 25, 1948 78.00 61.88 429

June 28, 1948 79.74 71.79 43.79 3,136

Dec. 8,1948 80.00 74.64 57.68 160

Aug. 16, 1949 79.50 71.89 46.20 588

Dec. 26, 1949 73.84 53.78 853

July 12, 1950 71.91 44.08 4,878

Dec. 24, 1950 74.21 53.59 1,266

July 4, 1951 68.13 44.21 8,409

Total 30,827

pies were taken from such portions of the

catch as, according to the captain of the vessel

making the landing, had come from a single

school of fish.
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AKU LENGTH FREQUENCIES

The length measurements are plotted in

Figure 1 and are grouped into units covering.

for each length frequency curve, approxi-

mately a 6-month period. This grouping was

selected for two reasons: (1) To insure the

inclusion of an adequate number of measure-

ments in each group, and (2) to make it

convenient to plot, with the first considera-

tion in mind, the length frequencies on an

approximately uniform time scale. Some in-

dications of the factors which made it seem

best to place the length data in a few com-

paratively large groups will be given later.

The length data, as plotted in Figure 1,

have a feature of considerable interest— the

apparent progression ofmodal groups through

the fishery with time. Such a group entering

the fishery during the summer months at a

modal length of 40 to 50 centimeters may be

identified with a modal group of 55 to 60

centimeters which appears in the winter fish-

ery, and in turn with a modal group of 68

to 72 centimeters which occurs in the follow-

ing summer months’ catch. There is an

additional group at a modal length of 79 to

80 centimeters sometimes represented in the

summer landings which may represent a

group of fish a year older.

If it is assumed that these modal groups

represent year-classes, the following interpre-



96 PACIFIC SCIENCE, VoL VIII, January, 1954

ration of the length frequency data may be

made:

At some age, perhaps one or two years, an

age group or year-class is first taken in sig-

nificant amounts by the fishermen during the

summer fishing. By the second summer, this

1946

1947

1948
^

D
cy

>•

1949 e

I-

1950

1951

Fig. 1. Length frequencies of Hawaiian aku, 1946-

51. The number identifying modal positions is the

presumed year of origin of the modal group.

Length in Centimeters

age group, at a length of 70 to 75 centimeters,

is again taken and, as a matter of fact, is the

size group most eagerly sought by the fisher-

men. This year-class appears again in the

catch during the third summer but cannot be

traced thereafter with any certainty from the

available data.

The age of the modal group of smallest

length, that of the youngest year-class fished,

is of interest. It would appear to be possible

to form some judgment of this age by fitting

the observed modal length to a growth curve

and extending the growth curve toward the

origin. It is appreciated that the initial growth

period, during the larval stages, will probably

not be described by a simple growth curve

adequate for the later period of growth; hence,

this approach would not, of course, yield a

certain answer, but it may, at least, give a

likely estimate of the age of the fish. A growth

curve of the type described by Walford (1946)

was fitted to the length frequency data in the

following manner: The obvious modes were

selected (see Eig. 1) and the three highest

classes for each mode were averaged. This

average was thereafter taken as the modal

length (these modal values are shown in part

in Table 1). Then the modal lengths as ob-

tained from the summer samples were paired

with the modes presumed to be the same of

a year later.

This relationship between length at age

N and at age N + 1 which may be taken as

a year or any other equal time interval later,

as shown by Walford (1946), is usually a

linear one. It was assumed to be linear for

these data, and the line of best fit was com-

puted by the method of least squares for the

following paired values: Length at age N and

N + 1, at age N + 1 and N + 2, and at age

N + 2 and N + 3, if available. The equation

of this line would permit, of course, the com-

putation of the length at N + 1, given the

length at N, or the length at N + 2, given

the length at N + 1.

The average of all the mean sampling dates

for the summer for the period of September
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Fig. 2. Growth curve of Hawaiian aku. The number identifying modal lengths is the presumed year of origin

of the modal group.

15, 1946, to July 4, 1951, was calculated, as

well as the average of all the modal lengths of

the modal group composed of fish of the

smallest size, for these same sampling dates.

This average modal value was taken as length

at age N, which was assumed to be 1 year, and

the growth curve shown in Figure 2 was

computed, using the equation for the least

square fit obtained as described above. Shown
also on Figure 2 are the various modal values

from Table 1 for which the computed growth

curve would seem to provide a good fit.

The modal values obtained during the win-

ter period were not used in the computation

of the growth curve, as the mean sampling

dates were usually much less than 6 months

later than the mean sampling dates for sum-

mer, and, in addition, the number of fish

represented by the winter samples was often

small. Again the mode of smallest-size fish

occurring in the winter samples was not in-

cluded in Table 1, as it was felt that fish of

these sizes or a little less were discriminated

against by the fishermen and that these modal

groups sampled during the winter repre-

sented, therefore, an incomplete part of the

entering year-class. This judgment is, perhaps,

strengthened by the fact that these particular

modes do not seem to fit into the same pat-

tern as the others. By summer the entering

year-class would seem to be adequately rep-

resented in the catch in that the modal

positions found for it do fit into the pattern

of modal lengths of the older fish.

MODAL LENGTH AND AGE

If the age of the year-class entering the

fishery during the summer is assumed to be

1 year, even though the growth attained dur-

ing the first year seems high, it fits the pattern

of growth which follows better than the as-

sumption of some other age, such as 2 or 3

years, which may otherwise seem likely. If

the judgment made here of the age of the fish

in the entering year-class is in error by a year

or more, then the initial accelerating portion
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of the growth curve would seem to persist

for a year or more. It would be difficult to

obtain an acceptable fit of a growth curve to

these modes on any other basis. However,

lacking data regarding the nature of the initial

accelerating portion of the growth curve, the

possibility that the entering year-class is more

than 1 year old, even though deemed un-

likely, cannot be disproved.

This interpretation of the length data would

imply that the aku landed in Hawaii is a short-

lived, rapidly growing fish and that the fishery

depends on aku belonging largely to two

adjacent year-classes and entirely to three.

This interpretation is not proved here but is

offered as a plausible hypothesis to account

for some of the features of the length fre-

quency data given in Eigure 1. The most di-

rect method of testing this hypothesis would

seem to be by the tagging and recovery of

fish of known size, as there is as yet no reliable

means of age determination for this species.

However, the albacore fishery of western

North America also apparently draws its catch

from a stock composed of but a few year-

classes, as described by Brock (1944).

The appearance of distinct modal groups

in these length frequencies, if due to year-

classes, is somewhat surprising when the ap-

parent rapid growth rate is considered together

with the long spawning period, the evidence

for which will be discussed later. The period

of active spawning is perhaps much shorter

than the occurrence in the landings of fish

with fairly large ova would indicate. It is also

possible that, although the period of spawn-

ing may be of considerable duration, only the

hsh which hatch during a limited part of that

period survive in significant numbers.

LENGTH SEGREGATION IN SCHOOLS

As previously mentioned, beginning in the

summer of 1949 a series of samples were

taken in such a manner that each represented

fish captured from a single school. This was

practical inasmuch as only a single school

would ordinarily be chummed up by live bait

and fished at one time. This catch would often '

be stored by itself in an empty bait well. The
fish were sampled aboard the vessel when it

|

reached port, and samples were taken from
j

those bait wells which, according to the cap-

tain, contained fish caught from a single

school.

The '’pure school” samples obtained during

the summer of 1949 proved of sufficient in-

terest to justify an increase in this sampling '

program. Between May 16 and September 30, I

1950, some 120 samples with, on the average,
j

34 fish measured in each were obtained. As
these length data for 1950 were more adequate

;

and did not differ in the features of interest

mentioned here from those for 1949, the 1950

data will be discussed. The 1951 data were,

in all aspects considered here, also similar to
'

the 1950 data.

The most striking feature of these samples

is the comparatively small range of the length i

of fish within them which is in contrast to the
'

range of the length of fish in the landings as

a whole. For example, the mean range in
|

length for the pure school samples was 11.3

centimeters, the least range 5 centimeters, and
|

the greatest 21 centimeters. In contrast to
i

these small ranges, the range of the seasonal
,

summary of length measurements for the

same period is 47 centimeters. It would appear

that the school is a highly size-selected group ‘

in which those causes that select for size may
well obscure the pattern of size distribution !

in the population as a whole. Hence, measur- i

ing a larger number of fish from a few schools

would not reliably reveal the pattern of size :

distribution of the fishable stock; fish taken

from a large number of schools must be

measured. The fact that aku appear to school i

by size must, of course, be considered in the

design of any program to obtain length sam-

ples. Although the effect may be less extreme,

it may be suspected that schooling by size

occurs in other tuna populations and species.

The causes of the observed size segregation
;

by schools is a matter of interest, but they >i

are not clearly evident from an examination
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of the length data. Of the various possible

causes that may be advanced, the most prob-

able one, in my opinion, is that the effect is

a mechanical one dependent upon the fact

that speed through water is, among other

things, a function of size.^ The cause of the

relatively great similarity in the sizes of fish

within a school also might be the result of

fish of similar age and size remaining in a

school together more or less permanently.

It is likely that members of such a permanent

school would resemble one another more

nearly in growth rates than they would resem-

ble members of other schools even though

the ages were the same, since environmental

differences would effect the school as a unit.

If association of fish by length within a

school is dependent upon a real difference in

the top speed attainable by fish of different

size, then other events must necessarily occur

for this effect to express itself in the manner

described here. There must be a schooling

instinct or reflex which impels the fish to

school. (Of the nature of its mechanism or

function nothing will be discussed here, but

the assumption of its existence is fundamental

to the argument.) The fish must spend some

of the time swimming at or near top speed

or at an optimum speed differing for each

size of fish which in turn should result in fish

of like sizes schooling together and apart from

fish of unlike sizes. This hypothesis would

not be incompatible with fish of various ages

but similar sizes occurring together or with

the occurrence of schools of mixed sizes; the

mechanism of size segregation could be ef-

fective intermittently, depending on the fre-

quency of ’sustained rapid swimming by the

fish. If the explanation is correct, then schools

2 Designated by Sir Isaac Newton as the Principle

of Similitude

.

As applied to ships, it may be stated that

the speed of a model and of its full-size counterpart

should be proportional to the square roots of their

dimensions. The dimension usually taken is the length,

and the ratio
4/ L

is employed in naval architecture

to convert the speed observed for a model to that

expected for the full-size counterpart, where S equals

speed and L length.

of fish of mixed sizes may occur. The fact

that the range of lengths for fish sampled

from presumably pure schools is somewhat
variable would strengthen the likelihood that

some pure schools of mixed sizes do occur.

If, on the other hand, occurrence of fish of

much the same size together in a school is

due to the relatively great stability and dura-

tion of such schools, then the occurrence of

mixed sizes of fish in pure school samples in

any number would not be expected. If mixed

sizes of fish do occur in the pure school

samples, the variance of those samples should

not be homogeneous. Bartlett’s test of the

homogeneity of the variance was computed

from the length frequency data for both the

pure school samples measured in 1950 and

1951 (Snedecor, 1948: 251-252), and the

probability that the variances were homo-
geneous was found to be less than .001 for

both years. Hence, of the two explanations

for the observed size segregation in schools,

the hypothesis that the effect is due to a speed

differential in fish of different sizes would

seem to accord best with the nonhomogeneity

of the variance of these samples. However,

the above analysis is not conclusive, and it

cannot be denied that other explanations as

well are possible.

SPAWNING SEASON

The program initiated in 1948 of weighing

an ovary from each of the first 20 female fish

of a sample and then measuring the diameters

of some 50 ova from it was preceded by

routine subjective observations on the degree

of maturity for those samples sexed and meas-

ured during 1946 and 1947. However, these

observations did not indicate the existence of

a definite spawning cycle, possibly because

the period of observation was insufficient.

In immature fish the gonads appear as two

slender strips lying along the dorsal part of

the visceral cavity. It is difficult or impossible

to sex them by a gross examination of the

gonads. As the fish mature, the gonads in-

crease greatly in size and come to fill most
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Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

Fig. 3. Average modal diameter of the largest group of ova present in ovary samples for 1949, 1950, and 1951

of the space lateral to the visceral mass. The

ovaries become bright yellow, deepening al-

most to orange in very mature specimens.

The small eggs can be seen clearly through

the ovarian membranes, and the small blood

vessels become increasingly prominent in such

fish. The testes of mature males are smooth

in texture, pure white, and of more fragile

texture than the ovaries. The sex of a mature

or maturing fish is easily determined by a

gross examination of the gonads.

The ovaries of spawned-out females usually

appear large but flabby and empty, are often

dark and somewhat bloody, and contain a few

large disintegrating ova.

Eully ripe fish were very rare in the landings;

such fish are apparently not commonly avail-

able to the fishery. One fish 43.2 centimeters

long, examined on June 20, 1947, appeared

to be fully mature. When it was opened, a

gelatinous mass of eggs came foaming out of

the visceral cavity in sufficient quantity to

make a fair double handful. These eggs, as-

sumed to be mature, were the largest seen in

quantity in any of the gonads observed, aver-

aging about 1.125 millimeters in diameter.

They were smooth and round (or slightly

oval) and contained a single yellow oil glob-

ule which varied from 0.22 to 0.45 millimeter

in diameter. In contrast, the larger ova from

maturing aku as taken by the commercial

fishery measure only from 0.4 to 0.9 milli-
j

meter in diameter and have a cluster of two
!|

or three oil globules.

The beginning of the spawning season was

not observed in 1948, as the program of taking

ova diameters and ovary weights revealed that

the fish sampled at the beginning were as

mature as ordinarily are available to the fish-

ery. From the beginning of the program, June

16, 1948, until the middle part of September,

spawned-out fish were also very rare; after

that time they dominated the catch.

However, the spawning season studies did
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begin early enough in subsequent years to

span the entire spawning season, with the

possible exception of 1950; hence, the ana-

lysis of the data for those seasons will be

presented. However, the study of the data

for the 1948 season gave equivalent results

for the short period covered.

Given in Figure 3 are the mean of the ova

diameters measured, averaged for each month

for 1949 ,
1950

,
and 1951. Large ova first ap-

pear in late February, March, or April and

are found until September. During the re-

mainder of the year the ova are small. Pre-

sumably, eggs are maturing between March

and September but not during the other

months of the year. Not until after the pre-

sumed end of the spawning season in Sep-

tember are fish with flabby, empty ovaries

encountered. During the summer when the

ovaries attain their greatest growth, spawned-

out fish are evidently not available to the

fishery. The spawning season, as indicated by

Figure 3, is a long one, and aside from its

length there are a number of other character-

istics which may guide some guesses regard-

ing its important features. These are: (1) The

great rarity of fish containing fully matured

eggs in the commercial fishery; (2) the lack

of fish with ovaries sampled within the spawn-

ing season which present the spawned-out

appearance to be observed in those fish ova-

ries sampled after mid-September; (3) the

apparent absence of a trend in mean ova

diameters during the spawning season which

is shown in Figure 3; and (4) the multimodal

frequency distribution of ova diameters dur-

ing the spawning season, as shown in Figure

4, in which the diameters of 1,000 ova meas-

ured from a single ovary are plotted. At other

times, aside from a few large eggs being re-

sorbed immediately following the spawning

season, only a single modal diameter of ova

is in evidence, and this is quite small-—less

than 0.1 millimeter.

Assembling these observations into a pat-

tern is not difficult; however, there are ad-

mittedly other patterns possible. The multi-

Fig. 4. Size frequency of ova taken from a single

ovary, summer of 1949.

modal distribution of ova diameters during

the spawning season and its absence at other

times would infer that individual fish spawn

several times. This inference is strengthened

by the absence of an over-all trend in ova

diameters during the spawning season (that

is, the dominate diameters do not progress-

ively increase or decrease) and perhaps also

by the absence of fish that are obviously

spawned-out until after the end of the spawn-

ing season.

Table 2 gives the relative proportion in the

samples of ova diameters of certain sizes.

Although fish with ova approaching 0.7 or

0.8 millimeter in diameter were quite rare,

fully mature ova are over 1 millimeter in dia-

meter. This may imply that fish with ova

diameters of 0.7 millimeter and above become
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TABLE 2

Comparative Abundance of Ova Modal Groups
OF Various Diameters in the Samples Taken

FOR THE Summer of 1949

MODAL DIAMETER OF THE
GROUP OF LARGEST

OVA FOUND

PERCENTAGE OCCURRENCE
OF OVARIES WITH SUCH OVA
GROUPS IN THE SAMPLES

Millimeters

0.48 5

0.60 30

0.68 55

0.80 6

0.88 4

progressively less available to the fishermen

until a short time after spawning and that

when they again enter the catch the dominate

ova diameters in their gonads are 0.4 to 0.5

millimeter. In turn, these ova may grow and

mature and the spawning cycle repeat itself.

Inasmuch as the data do not include informa-

tion concerning the histories of individual

fish but represent a statistical cross section

of the ovarian situation at various irregular

stages for various fishes, it is difficult to ob-

tain a valid basis for judging the rates of

growth of ova and the number of times fish

may spawn. If the spawning act was a periodic

matter, occurring at the same time for all fish,

it would be possible to judge when it oc-

curred and how often; however, if it occurs

irregularly with relatively small groups of fish

spawning together as the ova mature, data

of the nature obtained during the present

study cannot adequately describe the situation.

SIZE OF FISH AT MATURITY

The smallest fish that possessed maturing

ova during the spawning season were around

40 to 45 centimeters long. Eish 35 to 40

centimeters in length had ovaries that, with

a few exceptions, seemed immature. Immature

fish are rare in the commercial landings during

the spawning season, as are likewise fish less

than 40 centimeters in length. It therefore

appears likely, considering also the informa-

tion on age and rate of growth, that aku may
mature in 1 year.

SEX RATIOS

The sex ratios obtained while sampling ova-

ries are of interest in that a significant depar-

ture from an expected 1 : 1 ratio occurs in the

fall months.

The number of male and female fish ob-

tained during the course of this sampling,

together with the probability that the ob-

served sex ratio was 1:1 as indicated by chi-

square, is given in Table 3 for spring, summer,

and fall.

The significant change in the sex ratio

which occurs during the period from Sep-

tember through December corresponds to the

nonspawning period (see Fig. 3) and may
indicate a differential availability between

male and female fish during this period. This

TABLE 3

Comparison of Sex Ratios of Aku for Spring, Summer, and Fall, 1949 and 1950

1949 1950

MARCH JUNE SEPT. MARCH JUNE SEPT.

TO TO TO TO TO TO
MAY AUGUST DEC. MAY AUGUST DEC.

Males 237 691 351 42, 275 418
Females 205 722 214 40 240 316

Totals 442 1,413 565 82 515 734

Probability .13 .41 <.0001 .82 .12 <.001
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TABLE 4

Comparison of Sex Ratios for Both Large and Small Fish for March-August
AND September-December, 1949 and 1950

LENGTH GREATER THAN 650 MILLIMETERS LENGTH LESS THAN 650 MILLIMETERS

MARCH-AUGUST SEPT.-DEC. MARCH-AUGUST SEPT.-DEC.

Males 1,077 304 168 465

Females 1,063 208 144 322

Total 2,140 512 312 787

Probability .76 <.0001 .17 <.0001

is likewise a period of reduced availability,

and, if the reduction in catch commonly ex-

perienced during the fall and winter months

arises from the departure of part of the popu-

lation from the areas fished, it might be sug-

gested that a disproportionate number of

female fish are among those departing.

The possibility that the observed changes

in the sex ratio might be linked with changes

in the sizes of fish available to the fishery was

explored, as significant changes in the average

size of fish in the catch does seem to occur

during the year and some error may be ex-

pected in sexing the smaller sizes.

The fish sampled were placed in two groups

by size—those larger than 65 centinleters and

those smaller than 65 centimeters; however,

the same pattern of sex ratios was displayed

by both groups. (See Table 4.) If the length

frequency curves (Fig. 1) are examined, it

will be seen that fish of 65 centimeters are

not abundant in the catch. This particular

length, therefore, seems to be a natural point

of division between large and small fish, at

least for the dominant summer fishery,

SUMMARY

The length frequency measurements of Ha-

waiian aku {Katsuwonuspelamis) for the period

from the summer of 1946 to that of 1951

contained definite modal groups which, when
properly associated from summer to summer,

indicated the probability of the existence of

two and sometimes three year-classes in the

landings which were possibly 1,2, and 3 years

of age, respectively (fish referred to as 1 year

old have probably reached or are about to

reach the end of their first year and are, there-

fore, beginning their second year of life), with

modal lengths of 42 to 45 centimeters, 68 to

73 centimeters, and 79 to 80 centimeters for

each of the ages given above.

A study of the schooling pattern of the

aku indicated a strong tendency to school by

size; no fish within a school, in the samples

studied, differed by more than 20 centimeters,

whereas fish present in the whole population

sampled differed by as much as 50 centimeters.

The possibility that the mechanism of this

size segregation might depend upon the ex-

istence of a higher swimming speed for the

same proportionate effort for larger fish was

suggested. An alternate hypothesis, that the

schools were relatively stable aggregates,

seemed less likely as the variances for these

pure school samples were found to be sig-

nificantly nonhomogeneous.

The measurement of ova indicated that the

spawning period probably extended from late

February, March, or April to the first part of

September, and the existence of several modes

in the frequency distribution of ova diameters

within individual ovaries indicated the likeli-

hood of multiple spawnings. Fully ripe and

spawned-out fish were both quite rare in the

commercial catch during the spawning season,

and, although these observations would in-

dicate that fully ripe fish were not available
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to the fishery, they would also imply a pattern

of multiple spawning. The data did not allow

an estimation to be made of the number of

times aku may spawn each season.

It would appear probable, in consideration

of the minimum size at maturity together

with the growth rate as estimated from the

length frequency curves, that aku require a

year in which to reach maturity.

The significant reduction in the proportion

of female fish in the landings during the fall

and early winter months, coupled with the

reduced catches experienced during this pe-

riod, may indicate that the female fish become

less available to the fishermen at this time

than the males. This differential availability

of females would seem to occur coincident

with the end of the spawning period. This

change was found not to be associated with

shifts in the sizes of fish landed.
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NOTES
Report on a Fatal Attack by a Shark

Attacks by sharks on human beings in coastal

waters of the United States are rare, and until

comparatively recently all known cases were re-

ported from the Atlantic Coast. However, on
October 10, 1950, a swimmer at Imperial Beach,

California, was attacked and seriously injured by
a shark. Although this story was widely printed

in the newspapers, no record of it seems to have

appeared in any scientific journal. A similar

attack, this one fatal, has now occurred in cen-

tral California. In view of the rarity of such

events and the considerable amount of evidence

available in the most recent case, it seems proper

to report on this latest tragic occurrence at

Pacific Grove.

On December 7, 1952, at about two o’clock

in the afternoon, Barry Wilson, age 17, of Pac-

ific Grove, was attacked by a large shark while

swimming close to shore. His screams, and
those of an observer on shore, attracted the

attention of his friend, 15 -year-old Brookner
Brady, Jr., of the Presidio of Monterey, who
was swimming close by. Brady immediately

swam to the aid of his friend and began to tow
the wounded youth toward the beach. Four
other swimmers, all members of the Sea Otter

Club, a skin-diving group, and all excellent

swimmers, were also attracted by the screams

and unhesitatingly came to help Brady. These
men (Sgt. Earl Stanley, 63rd Military Police

Platoon, Fort Ord; Robert Shaw, 313th Criminal

Investigation Detachment, Fort Ord; Frank M.
Ambrosio, California State Highway Patrol,

Monterey; and John L.Poskus, mathematics and
physics teacher at the Monterey High School),

using an inflated rubber tube to support the

unconscious Wilson, brought the stricken youth
to shore, where it was learned that death had
already occurred.

An unusual circumstance is that John C. Bass-

ford, assistant manager of the Monterey office

of the Metropolitan Life Insurance Company,
an intelligent observer and himself an enthusi-

astic skin-diver qualified by experience to judge
what was happening in the water, saw the initial

attack from an elevated vantage point at a dis-

tance of only about 30 yards. Furthermore, three

of the participants in the attempted rescue have
had extensive police experience and, conse-

quently, training in the accurate observation and

reporting of events of violence. In spite of the

frantic excitement of the drama in which they

participated, the stories of all the witnesses cor-

roborate one another except in minor and un-

important details. As a result it is possible to

make what I believe to be an accurate identi-

fication of the shark and to cast a little light

on its behavior.

The attack took place just outside the breaker

line, about 25 yards off the tip of Point Aulone
(locally known as Lover’s Point), approximately
36°38' North Latitude, 121°55' West Longitude.

The rocky shore at the tip of the point falls off

abruptly, and the water at the scene of the

tragedy is about 30 feet deep. The temperature

of the water was just average for that date and
had been slowly falling from 14.1°C. during the

previous week; 12.9°C. had been recorded at

9:00 A.M. at the Hopkins Marine Station, about

three quarters of a mile to the southeast, and a

reading of 12.7°C. was obtained at 6:10 p.m. on
the bathing beach at the base of Point Aulone.

A rather heavy surf was running to heights of

perhaps 8 feet, and the water was rather murky,
due to rain runoff from land on the previous

night and to a comparatively heavy plankton

production, so that the visibility for the men
in the water was limited to a distance of 6 or 8

feet. It was an afternoon of intermittent sun-

shine and cloud shadow.
Mr. Bassford had just moved to an elevated

vantage point on the extreme tip of the rocks

in order to watch the two boys swimming almost

directly below him, when he saw Wilson jerk

himself around in the water and peer in all di-

rections. In a moment he noted a look of terror

on Wilson’s face and then, for the first time,

saw the shark approaching the youth on the

surface. It struck the boy from in front and
heaved him out of the water to the level of his

thighs. The shark was probably turning some-
what on its side to strike at the upright figure,

since Bassford had the impression of seeing the

pectoral fin as well as the dorsal. Wilson, with

both hands on the shark’s back and pushing

at arm’s length in an effort to free himself, fHl

sideward and was immediately pulled under.

Bassford feels that the boy was not submerged
by the force of his own fall but was inexorably

pulled down by the shark. For a moment noth-
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ing was to be seen, but soon a gush of blood

welled up from below and spread on the surface

in a rough circle 6 feet or more in diameter.

Within a matter of seconds Wilson reappeared

in the center of the bloody patch, screamed for

help, and struck frantically at the water with his

hands. The shark reappeared at the surface,

swam by very close to the youth, showing por-

tions of its back, and then returned from the

opposite direction, finally disappearing from the

view of people on shore. It is uncertain that the

shark actually struck at Wilson on these two
passes, but apparently it did return to the attack

some minutes later.

Bassford in the meantime had shouted to

Brady, who was swimming slightly inshore and
some 50 feet away from Wilson, in order to

warn him of the danger. Brady, ignoring his

own safety, swam at once to the aid of his friend

and towed him some 75 or 80 feet before being

met by the four members of the Sea Otter Club,

who had in the meantime been summoned from
a distance of 150 to 200 yards by the shouting.

These men, with considerable difficulty, suc-

ceeded in passing a rubber tube around the body
and under the arms of the inert victim. While
they were attempting to do this, the body gave

a lunge, furthering their effort. Shaw had such

a strong impression that someone had pushed
Wilson from behind that he turned around to

see who had done it. Seeing no one, he looked
quickly down into the water just in time to see

see the posterior part of the shark disappearing.

With Poskus pulling on an attached nylon
rope, Ambrosio and Shaw pushing on either

side of the tube, and Stanley supporting Wilson’s

head in order to keep it out of the water, the

men began a struggle through several hundred
yards of churning seas to a point in the shelter

of a small breakwater pier where a landing was
possible. No exact estimate of the time required

for that arduous journey is possible, but it must
have taken more than 20 minutes. During at

least some and probably most of that time the

shark patrolled the swimmers but did not strike.

At one time Ambrosio became aware of its

presence before seeing it, probably sensing the

swirls of water caused by its passage. Whenever
the swimmers had to stop to rearrange the body
which kept slipping from the tube as the group
was battered by the breaking waves, the shark

was apt to appear. Stanley, Shaw, and Ambrosio
all saw it more than once. It is probable that

it circled them most of the way to shore, ap-

proaching closely whenever it was necessary to

halt and being kept at a slightly greater distance

by the agitation of group swimming. It is pos-

sible, however, that the approaches and retreats

were an illusion resulting from a better oppor-
tunity for some of the men to watch for the

shark during the halts. The actions of the shark

during this period were somewhat similar to

those of a man-eater which, after an attack on
a boy in Buzzard’s Bay, Massachusetts, in 1916,

stood off and on in the blood-reddened water

only a few yards away during the rescue attempt

but made no further attack (Gudger, E. W.,
Am'er. Midland Nat. 44(3): 714-719, figs. 1, 2,

1951). They are also reminiscent of the behavior

of a hammerhead which, after attacking a girl

at Palm Beach, Florida, in 1931, followed his

victim and her rescuer close in to the shore but

appeared to be kept from making repeated at-

tacks by vigorous threshing (Gudger, E. W.,
Nat. Hist. 40(1): 417-418, 1937).

It should be mentioned that the movements
of the shark were at all times deliberate, and
leisurely. Neither during the initial attack, nor

while making subsequent strikes, nor while con-

voying the swimmers toward shore, did its speed

impress any observer. It made no abrupt lunges

and never appeared to be exerting itself.

Wilson was examined by Dr. R. L. Hane a few
minutes after having been brought to the pier

and was pronounced dead as the result of his

extremely severe wounds. While I am reluctant

to publish the accompanying photographs of

these wounds, I deem it desirable to do so and
to describe their general character in order that

a graphic record may be readily available for

comparison in future instances when swimmers
may be attacked by some unknown marine

animal. Mr. and Mrs. Clarence Wilson, the

parents of the deceased youth, have given me
permission to do so.

The body above the hips and the lower right

leg were without blemish. The major wound
involved the excision of the lower part of the

right buttock and practically all the muscles on
the dorsal side of the thigh, almost to the knee.

Although no bones were broken, the lower part

of the ischium was laid bare, and the femur

was exposed for about three quarters of its

length. The femoral artery was severed, and

shock and loss of blood from this wound alone

would have caused death in a very few minutes.

This wound also involved most of the lateral

and medial surfaces of the thigh, so that only

a narrow strip of skin about 3 or 4 inches wide

on the front of the leg was undamaged. The
lateral margin of the wound was ragged and

characterized by ribbon-like pendants of flesh,
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Fig. 1. Fatal wounds inflicted by a shark thought
to have been Carcharodon carcharias (Linnaeus).

but the medial border was sharp as if cut by a

knife, and the line of incision was continued by
a series of equally spaced triangular cuts. An
extensive festoon of skin and subcutaneous tis-

sue connected the anterior and posterior limits

of the wound dorsally. This makes it impossible
to believe that the wound was inflicted by a

single strike but suggests the probability that

two attacks, one primarily from the medial sur-

face and the other from a dorsolateral direction,

impinged upon each other. It is significant that

Stanley and Shaw, who were the first to reach

Brady struggling with his burden, both saw the

wound in the water and were of the impression
that it was not as severe as it appeared on land-

ing. This lends credence to the belief that the

shark struck Wilson later while he was being
laced in the tube and was almost surrounded

y swimmers.
Additional wounds marred almost the entire

left leg. The anterior and lateral surfaces of the

thigh bore a wide and ugly transverse cut which
extended to the bone. Similar but somewhat
smaller gashes cut across the calf and shin. Some
of the more superficial markings appear to me
to provide better evidence of the nature of the

attacker than do these more conspicuous wounds.
They were of three general types. Several linear

lacerations, up to about 4 inches long and prob-

ably not more than V2 inch deep, looked like

razor slashes and could be interpreted as caused

by shark’s teeth slitting sidewise through the

flesh. A number of comparatively superficial

gashes, several inches long and about an inch

wide and pointed at one end, could have been
made by shark’s teeth which were not biting

deeply and were slipping through the skin lon-

gitudinally. Most significant were a few incon-

spicuous wounds on the left leg, each in the

form of two superficial cuts meeting at an angle

like the legs of an almost equilateral triangle a

little over 1 inch on a side. These appeared to

me to be the imprint made by the teeth of a

shark which was gently mouthing instead of

biting its victim. Unfortunately, they do not

show on the photographs. No clear imprint of

the jaws was visible, but the area of laceration

on the left thigh was rather sharply defined and
about 10 inches wide.

The number and character of the wounds
suggest that Wilson was bitten at least four

times, and the corroboratory evidence of the

witnesses indicates the sequence: first, on the

lower left leg from behind, which strike wounded
and startled him; second, on the medial surface

of the right thigh, when the shark approached

him from in front and, passing partially between
his legs, lifted him high out of the water;

third, on the upper left leg from the back and
side, when Wilson struck in desperation at the

water; and, finally, on the back and side of the

right thigh, while he was being placed in the

tube and when he was undoubtedly already

dead.

At first there was some question on the part

of the police, the coroner, and the general public

as to the sort of animal responsible for the at-

tack. Barracuda, sea lions, killer whales, and
even porpoises were suspected. However, all the

people who witnessed the actual attack or saw
the animal while participating in the attempted

rescue state unequivocally that it was a shark.

Three professional ichthyologists, J. B. Phillips

of the California Department of Fish and Game,
Robert W. Morris of the U. S. Fish and Wildlife

Service, and myself, viewed the body. Although
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without previous experience in such matters,

it is our unanimous opinion that certain of the

wounds, particularly the sharp thin slashes and
the triangular cuts, could not have been made
by the teeth of a sea lion, whale, or porpoise,

but that they are definitely of the type that

might be expected to be produced by the denti-

tion of a shark. It should be mentioned that the

California barracuda is extremely rare in the area

and is of comparatively small size, reaching a

length of only about 4 feet and a weight of 10

to 12 pounds. It is inconceivable that this fish

could have been responsible for the major wound
of the right leg. Later, Dr. Paul E. Messier also

viewed the body and pronounced the wounds
to be identical in character with those which
he had observed some years ago in two cases

of shark attack in the tropical Pacific.

In a forlorn attempt to capture and definitely

identify the shark, the research vessel "Tage”
fished for it next day in the adjacent area while

several people tried their luck from shore. Al-

though these efforts were unsuccessful, a con-

siderable amount of evidence supports a tenta-

tive specific determination. Shaw had a good
although brief view of the shark’s tail and de-

scribed it as tuna-like, with a spread of about

3 feet and with the upper lobe a little longer

than the lower one. The accuracy of his observa-

tion is indicated by the fact that he also noted
a small flap-like structure on the back in front

of the tail but stated that this was not the dorsal

fin. At the time I questioned him, he did not
know that the shark had the small second dorsal

of which he gave such an adequate characteriza-

tion. Shaw’s description, supported by that of

others, fits the caudal fin of the families Lam-
nidae and Cetorhinidae but of no others. The
sluggish, plankton-feeding Cetorhinus maximus,

which has never been suspected of such aggres-

sion, is at once ruled out as a possible offender.

The color, unanimously stated to be light and
variously described as grayish or brownish merg-
ing into white underneath, does not fit either

Lamna ditropis or hums glaums, the only other

members of the Lamnidae known from these

waters, but points the finger of guilt directly at

Carcharodon carcharias. The suspicion is further

strengthened by the broad apex of the triangular

wounds. These marks matched closely the shape
of the teeth of Carcharodon, but I do not believe

they could possibly have been made by the much
narrower teeth of Lamna or Isurus. The most
common large shark seen in the area is Prionace

glauca. By a stretch of the imagination the

wounds, although they showed no concavity

of one border, might possibly be interpreted as

having been inflicted by the teeth of this species.

However, the striking blue color of the dorsum
and the great disparity in the length of the

caudal lobes of Prionace vary widely from all the

reported observations. Finally, when it is re-

called that Carcharodon is so notorious for unpro-

voked attacks on humans that it has gained the

common name of man-eater and that, although

uncommon along the California coast, speci-

mens of this species have previously been taken

in Monterey Bay and even as far north along

the coast as Westport, Washington (Bonham,
K., Copeia 4: 264-266, figs. 1-7, 1942), there is

comparatively little doubt that this shark was

responsible for the attack. All the evidence avail-

able tends to incriminate Carcharodon and to

absolve the other possible suspects.

Estimates of the size of the shark vary from

about 8 feet to 15 feet, or even more. The size

of the toothmarks, the width of the gape as

indicated by the dimensions of the lacerated

area of the left thigh, the estimated spread of

the tail, all indicate a length of approximately

12 or 13 feet, but this estimate may be more
than 10 per cent in error.

I find it impossible to close this report without

recalling to the reader’s attention what must
already be abundantly clear: the outstanding

courage of the five young men who made the

rescue attempt. How Brady could have deliber-

ately gone into the circle of bloody water to

succor his friend and how the other men could

have persisted in the slow and laborious task

of supporting and carrying their lugubrious bur-

den for more than a quarter of an hour while

a known deadly killer circled within a few feet

of them surpasses all understanding.

—

Rolf L.

Bolin, Hopkins Marine Station, Pacific Grove,

Califiornia.



News Notes

The International Code of Nomenclature for

Cultivated Plants has recently been published

under the editorship of William T. Steam. This

is .a joint product of the International Horti-

cultural Congress and the International Botan-

ical Congress. Copies, can be obtained for Is./ 3d.

from the Royal Horticultural Society, Vincent

Square, London S.W. 1, England.

With the October 1953 number of Pacific

Science, W. A. Gosline assumed the duties of

Associate Editor, replacing O. A. Bushnell, who
is on leave for advanced study at Columbia
University.

Pettibone, Marian H. Some Scale-Bearing Poly-

chaetes of Puget Sound and Adjacent Waters. 89

pp. + 40 pis. University of Washington
Press, Seattle. $3.25.

Paul H. Baldwin. Annual Cycle, Environment

and Evolution in the Hawaiian Honeycreepers

{Aves: Drepaniidae). University of California

Publications in Zoology 52(4): 285-398, 12

figs., 4 pis. Published by the University of

California Press. $1.50.

We have received the first number of a new
quarterly journal, Deep-Sea Research, which is

published by the Pergamon Press, London. It

has been established under the instigation of

the Joint Commission on Oceanography, of the

International Council on Scientific Unions. The
journal is limited to papers on investigations of

the deep-sea floor, specifically:

1. The morphology and stratigraphy of the

deep-sea floor.

2. The general properties of the sediment carpet

and its substratum.

3. The properties of the water layer next the

deep-sea floor.

4. The abyssal fauna inhabiting the deep-sea

floor.

5. The organisms and processes important to

deep-sea sediments.

The editorial board, which is truly interna-

tional, is composed of outstanding workers in

oceanography and assures the highest standards,

which are well set by the initial number.
Deep-Sea Research. Pergamon Press Ltd. Dis-

tributed by Lange, Maxwell and Springer, Ltd.,

242 Marylebone Road, London N.W.l. Sub-

scriptions £4 10s, or $12.60.
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Erratum
In the October 1953 issue (VoL VII, No.

4) there is a serious error. On page 508, Figure

Ad is transposed from Figure 1 on page 449.

Figure 1 of the paper, ”A Discussion of the

Trematode Genus Schistorchis (Family Lepo-

creadiidae) with Descriptions of Two New
Species from Hawaii,” by Mary Louise Han-

son, is printed correctly below.

L
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on one side of standard-size, white bond paper

in any way, and should be mailed flat. Inserts

should be either typed on separate sheets or

pasted on proper page, and point of insertion

should be clearly indicated.

Original copy and one carbon copy of manu-
script should be submitted. The author should

retain a carbon copy. Although due care will be

taken, the editors cannot be responsible for loss

of manuscripts.

Introduction and summary. It is desirable to

state the purpose and scope of the paper in an

introductory paragraph and to give a summary
of results at the end of the paper.

Dictionary style. It is recommended that authors

follow capitalization, spelling, compounding, ab-

breviations, etc., given in Webster's New Inter-

national Dictionary (unabridged), second edi-

tion; or, if desired, the Oxford Dictionary. Ab-
breviations of titles of publications should, if

possible, follow those given in U. S. Department
of Agriculture Miscellaneous Publication 337.

Footnotes. Footnotes should be used sparingly

and never for citing references (see later).

When used, footnotes should be consecutively

numbered by superior figures throughout the

body of the paper. Footnotes should be typed

in the body of the manuscript on a line imme-
diately below the citation, and separated from
the text by lines running across the page.

Citations of printed sources. All references cited

should be listed alphabetically by author at the

end of the paper, typed double-spaced. Refer-

ences to books and to papers in periodicals

should conform to the following models:

Batzo, Roderick L., and J. K. Ripkin. 1849.

A treatise on Pacific gastropods, vii+ 326

pp., 8 figs., 1 map. Rice and Shipley, Boston.

Crawford, David L. 1920^?. New or interesting

Psyllidae of the Pacific Coast (Homop.). Ent.

News 31 (1): 12-14.

1920^. Cerotrioza (Psyllidae, Homop-
tera). Hawaii. Ent. Soc., Proc. 4 (2): 374-
375.

Rock, Joseph F. 1916. The sandalwoods of Ha-
waii; a revision of the Hawaiian species of the

genus Santalum. Hawaii Bd. Commrs. Agr.

and Forestry, Div. Forestry Bot. Bui. 3: 1~43,

13 pis.

In the text, sources should be referred to by
author, date, and page, as follows: 'It was noted

(Rock, 1916: 18) that . . or "Rock (1916:
21-24) says . .

.”

Quotations. Quoted matter of fewer than five

printed lines (about 200 characters) should be
given in the text in the usual form, using double

quote marks. Longer quotations should be set

flush with left margin. The author is responsible

for the accuracy of quoted material.

Numbers. Decimals, measurements, money, per-

centages, time; enumerations in which any figure

is 10 or over; and isolated enumerations of 10
and over should be given in Arabic figures,

rather than spelled out, except when the number
begins a sentence.

Illustrative Matter
Illustrations should accompany manuscript, on

separate sheets. Often more valuable than a

photograph is a good line drawing, which may
be reproduced by the zinc etching process.

Figures and graphs. Copy for figures and graphs

should always be drawn large enough to allow

for at least one-third reduction by the engraver.

Copy should consist of carefully prepared line

drawings in one color only, drawn in India ink

on plain white drawing paper or tracing cloth.

Co-ordinate paper with lines in light blue (a

color which will not show in a photograph ) may
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in the finished graph must be drawn in India

ink. If original figures may not be conveniently

submitted with manuscript, duplicate rough
sketches or photographic prints may be fur-

nished to aid the ^itors in their decisions.

It is strongly urged that an indication of scale

be incorporated as a part of all drawings in

which magnification and size are critical con-

siderations.

Photographs. Photographs should be chosen for

clarity in portraying essential information.

They should be printed for contrast, on glossy

paper, and should be sent unmounted. They
should be identified with serial number written

in soft pencil on the back to correspond with

list of captions.

Tables. Tabular matter should be kept to a mini-

mum. Each table should be typed on a separate

page, and its position indicated on the manu-
script.

Captions. Readily identifiable captions for fig-

ures, graphs, photographs, and other illustrative

matter should be supplied.

Proofs
Proofs should be corrected immediately and

returned at once to the Editor-in-Chief. All

queries on proofs should be answered.

Reprints
Reprints or separates should be ordered when

proofs are returned. Each contribution will en-

title the author (or group of authors) to 50 free

reprints, without covers (these 50 to be divided

where more than one author is named). At the

time proofs are returned, authors may order

additional reprints, with or without covers, at

prices indicated in a schedule accompanying
proofs.
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The Origin and Development of the Spermatophoric

Mass of a Nephropsid Lobster, Enoplometopus

occidentalis (Randall)^

Donald C. Matthews^

INTRODUCTION

The purpose of this paper on the origin

and development of the spermatophoric mass

of Enoplometopus occidentalis (Randall) is three-

fold: (1) to increase our knowledge of the

biology of this little-known species, (2) to

show evidence in support of external fertiliza-

tion, and (3) to extend the list of mechanically

sperm-liberating families in Hawaii to include

theNephropsidae(Homaridae auct., Nephrop-

sidae fide Holthuis, 1946).

With the possible exception of the Cape

crayfish (Jasus lalandii, von Bonde, 1936), all

recorded observations indicate that the pali-

nurids, the astacids, and the homarids produce

continuous, highly convoluted spermato-

phoric tubes embedded in putty-like matrices

(Panulirus interruptus—Allen, 1916; Fasten,

1917; Wilson, 1949; P. argus—Cmwfosd and

De Smidt, 1923; P. penicillatus—Msitthews,

1951; Potamohius trowhridgii—AndtQ^s, 1931;

Homarus americanus—^tlQmcV, 1895).

Although the process has not been observed

in every case, female pereiopodal gouging of

these spermatophores during oviposition

probably allows the liberation of their sper-

matozoa and the subsequent external fertil-

ization.

Among macruran spermatophores studied,

mechanical liberation of sperm reaches its

highest development in the scyllarid Parri-

bacus antarcticus (Lund). The spermatophoric

mass resembles that of the palinurids, the

astacids, and the homarids, but certain of the

pereiopods are provided with special structures

^ Contribution number 43, Hawaii Marine Lab-

oratory. Manuscript received May 28, 1953.
2 Department of Zoology and Entomology, Uni-

versity of Hawaii, Honolulu, Hawaii. ^

for the mechanical liberation of the sperma-

tozoa (Andrews, 1912; Matthews, 1953). Here,

likewise, fertilization is probably external.

Although once obtainable from Honolulu

markets {vide Rathbun, 1906: 900), E. occi-

dentalis is now seldom seen here except at the

Honolulu Aquarium, although it is occasion-

ally taken on the reefs and at depths of a few

fathoms {vide Edmondson, 1946: 257). Yet

large numbers of Enoplometopus postlarvae

found in the stomachs of the yellowfin tuna

Neothunnus macropterus (Reintjes, unpubl. ms.)

attest its prevalence in deeper water. Although

only males were obtainable for dissection, a

single female in the collection of the Bernice

P. Bishop Museum was available for observa-

tion. This specimen was devoid of sperma-

tophoric mass. The spermatophoric mass of

E. occidentalis in so far as can be ascertained

has not been investigated.

The writer wishes to thank Mr. Spencer

Tinker, director of the Honolulu Aquarium,

who furnished the living specimens.

METHODS AND TECHNIQUES

Mature male specimens of E. occidentalism

obtained from the Honolulu Aquarium in

November, 1952, were used in this study.

The reproductive organs were removed, fixed

in either Bouin’s or Zenker’s fluid, dehy-

drated and cleared in dioxane, embedded in

Tissuemat (54-56°C.), and sectioned at 10

microns. The mounted sections were stained

with standard alumhaematoxylin and coun-

terstained with eosin.

Certain vasa efferentia were placed in 0.1

N KOH. Others were dissected, the sperma-

tophoric mass smeared on small glass plates,

and these immersed in sea water.
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Fig. 1. Male reproductive system of E. occidentalis

dissected to show; a, anterior region of testis; b, prox-

imal portion of vas deferens; c, posterior region of

testis; d, mesenteries. (2.5 X)

RESULTS

Dissection of E: occidentalis reveals an H-

shaped testicular mass (Fig. 1), the anterior

portion of which {a) lies dorsal to the hepa-

topancreas and the posterior (c) contiguous

with the digestive tract. The testes are held

in place by mesenteries {d) and are abundantly

supplied with blood vessels.

The slightly coiled vas deferens (Fig. lb),

which arises from the testis, increases in dia-

meter distally and opens on the coxopodite

of the fifth pereiopod. The entire vas deferens

is quiescent and, even when pinched with

forceps, fails to eject its spermatophoric mass

from the genital pore. There is no evidence

of a hyaline line {vide Matthews, 1951).

In cross sections, follicles in all stages of

maturity are seen throughout the testis. An
immature follicle (Fig. 2) discloses large, pri-

mary spermatocytes (c), indistinguishable

from the germinal epithelial cells {a) from

PACIFIC SCIENCE, Vol. VIII, April, 1954

which they originate. Cells with indistinct

cytoplasm but with strongly chromatophilic

nuclei (b) appear scattered indiscriminately

among the primary spermatocytes.

Cross sections of maturing follicles (Eig. 3)

reveal that as the number of spermatids {a)

increases, the number of primary spermato-

cytes (b) is reduced until ultimately a single,

peripheral, germinal layer remains. The num-
ber of cells with strongly chromatophilic nu-

clei (c) also increases throughout the follicles.

Cross sections of mature follicles (Fig. 4)

show the spermatids metamorphosed into

spermatozoa {a) and an increase in the num-

ber of primary spermatocytes {h)

.

The longi-

tudinal sections of the collecting tubule {c)

reveal that spermatozoa {a) which emanate

from any one follicle remain in groups {d),

and, although the cells with strongly chroma-

tophilic nuclei {e) are numerous in the empty-

ing follicle, they are seldom seen among the

groups of spermatozoa in the tubule. A se-

cretion (/) from the epithelial lining (g) of

Fig. 2. Camera lucida drawing of a cross section

through an immature follicle showing: a, germinal

epithelium; h, nuclei of sustentacular cells; c, primary

spermatocytes. (175 X)
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in thickness and consists of longitudinal, di-

agonal, and circular fibers.

Fig. 3. Camera lucida drawing of a cross section

through a follicle in the early stages of maturity show-

ing; a, spermatids; h, primary spermatocytes; c, nuclei

of sustentacular cells; d, meiotic figures of spermatid

formation. (175 X)

DISCUSSION

By mitotic division of the germinal epithe-

lial cells (Fig. 2d), follicles fill with primary

spermatocytes (c). During this process, cer-

tain cells with strongly chromatophilic nuclei

ih) apparently arise from the germinal epi-

thelial cells and occupy positions between the

primary spermatocytes (c). Although mitotic

figures are associated with the increase of pri-

mary spermatocytes, no mitotic figures ac-

company the increase of the strongly chro-

matophilic cells. Their method of multiplica-

tion remains obscure.

Concurrently, the primary spermatocytes

(Fig. 3^) by two successive divisions {d) give

the tubule surrounds each group of sperma-

tozoa.

Cross sections of the minute, proximal por-

tion of the vas deferens (Fig. 5) reveal a tube

in which the sperm mass {a) is surrounded

by columnar epithelium {Id) and a muscular

layer (c). Although the columnar epithelial

cells appear active, there is no evidence, in

this region of the vas deferens, that a sheath

is being formed around the sperm mass.

A portion of a cross section of the vas

deferens (Fig. 6) (distad to the portion illus-

trated in Fig. 5) shows the sperm mass {a)

enveloped by a spermatophoric sheath {h) and

that this sheath is the product of the secretion

from the epithelial cells (c). The thickness of

the muscular layer {d) is only slightly in-

creased over that illustrated in Figure 5.

Figure 7 illustrates a portion of a cross

section through the distal region of the vas

deferens. The sperm mass {d) is not only

enveloped by a spermatophoric sheath {h),

but a homogeneous matrix (c) is added by

the epithelial cells {e)

.

The matrix (c) is often

separated from the epithelial cells {e) by a

space {d ) . The muscular layer (/) is increased

Fig. 4. Camera lucida drawing of cross section

through mature follicles discharging their contents into

the collecting tubule showing: a, spermatozoa; b, pri-

mary spermatocytes; c, longitudinal section of collect-

ing tubule; d, groups of spermatozoa ejected from
different follicles; e, contents of a single follicle being

ejected into collecting tubule; /, secretion separating

sperm groups; g, epithelial cells. (150X)
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Fig. 5. Camera lucida drawing of a cross section

through the minute, proximal portion of the vas def-

erens showing: a, sperm mass; h, columnar epithelium;

c, muscle layer. (90 X)

rise to spermatids id) which later cluster about

the cells with strongly chromatophilic nuclei

(c). These are probably sustentacular cells (c)

which serve the spermatids in their metamor-

phosis to spermatozoa.

Although most cross sections of the testis

show mature follicles, few reveal the actual

openings of these follicles into the collecting

tubule; yet on these sections alone depends

the understanding of the rhythmical nature

of follicular activity. Concurrently with the

metamorphosing of spermatids to spermato-

zoa (Fig. the germinal epithelium, by

mitotic division, again produces primary sper-

matocytes {h) which fill the follicles and expel

the spermatozoa {d). The sustentacular cells,

once numerous among the metamorphosing

spermatids {e), are difficult to observe in the

extruded follicular contents. It is quite evi-

dent, however, that the many groups of sper-

matozoa [d) seen descending the collecting

tubule (c) are each the entire extruded content

of one single follicle and not, as previously

reported for Panulirus penicillatus (Matthews,

1951) the result of the activity of sustentacular

cells. These groups of spermatozoa are further

separated by a secretion (/ ) from the epithelial

lining (g) of the tubule. As previously men-

tioned, this secretion mixes freely between

the groups of spermatozoa.

Cross sections of the minute, proximal por- l

tion of the vas deferens (Fig. 5 ) reveal that

the sperm mass {a) has not yet acquired its i

sheath. However, the columnar epithelial cells
|

(b) are extremely active, and their secretions
|

may be identical with this structure (Fig. 6b)

seen in more distal sections.

Less than one third of the vas deferens is
j

traversed by the descending sperm mass (Fig.

5^?) before it acquires its spermatophoric

sheath (Fig. 6b). This sheath is the product
^

of the secretion from epithelial cells (c) which,
|

'

although shorter than those previously en-
j

countered, show little specialized arrange-
j

ment. There are no deep folds or crypts (pide
j

Matthews, 1951: 363, fig. 7). The epithelial
'

cells bounding the lumen are arranged in a
!

single cell layer, and their secretion envelopes !

the sperm mass forming the spermatophoric i

sheath.
j

Cross sections through the distal portion
]

Fig. 6. Camera lucida drawing of a portion of a cross

section of the vas deferens (distad to the portion illus-

trated in Fig. 5) showing: a, sperm mass; b, spermato-

phoric sheath; c, epithelial cells; d, muscle layer. (SOX)
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Fig. 7. Camera ludda drawing of a portion of a cross section of the distal region of the vas deferens showing:

a, sperm mass; b, spermatophoric sheath; c, homogeneous matrix; d, space; e, epithelial cells;/, muscle layer. (90X)

of the vas deferens reveal what appears to be

a sperm mass (Fig. la) surrounded by an ex-

tremely thick spermatophoric sheath {b, c).

The reason for this misinterpretation lies in

the fact that the sheath-forming secretion has

the same consistency and staining properties

as the matrix (Fig. Ic) ;
both have an affinity

for the cytoplasmic stain. Careful examination

of the cross sections through this region,

however, reveals a distinct diastem separating

spermatophoric sheath {b) from matrix (c).

Proof of the individual identity of these two

secretions is further attested by placing the

contents of the dissected, distal vas deferens

in 0.1 N KOH. The outer matrix is readily

soluble and soon disappears, whereas the inner

spermatophoric wall, being less soluble, re-

mains to disclose a highly coiled, continuous

spermatophore.

The increased thickness of the muscular

coat (Fig. if) probably plays a part in the

expulsion of the spermatophoric mass during

copulation; but whether it serves to segment

the otherwise continuous spermatophoric tube

into ampules is conjectural, since females with

naturally occurring spermatophoric masses

were not available for study. It seems very

likely, however, that in either case the sper-

matozoa, encased in a spermatophoric sheath

and enveloped in a hardened matrix, would

require a mechanical method for their

liberation.

Further indirect evidence in support of ex-

ternal fertilization is obtained on examination

of the female, for although a large seminal

receptacle is present, it is found not to con-

nect internally with the female reproductive

system, and probably serves as a receptacle

on which to receive the spermatophoric mass

of the male.

Because this mass becomes hard in a few

hours when experimentally placed on glass

plates immersed in sea water, it appears rea-

sonable to assume that in naturally formed

spermatophoric masses of E. occidentalis a sim-

ilar change in consistency would necessitate

mechanical liberation of the spermatozoa.

SUMMARY

The male reproductive system of the ho-

marid-like, nephropsid lobster Emphmetopus

occidentalis (Randall) is dissected and figured.

Cross sections throughout the testis reveal

follicles in various degrees of maturity. An
immature follicle, by mitotic division of the

cells of its germinal epithelium, becomes

filled with primary spermatocytes. These cells,

by both heterotypic and homeotypic divi-

sions, form spermatids.

Concurrent with the formation of primary

i
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spermatocytes and spermatids, certain cells

containing strongly chromatophoric nuclei

arise from the germinal epithelium and be-

come widely dispersed throughout the follicle.

These sustentacular cells probably aid the

spermatids in their metamorphoses into

spermatozoa.

Each group of spermatozoa seen in the

collecting tubule is the extruded contents of

a single follicle. This extrusion is caused by

the production of a new group of primary

spermatocytes filling the follicle. A secretion

from the epithelial cells of the tubule sur-

rounds each group of spermatozoa. As this

material traverses the proximal portion of the

vas deferens, a secretion from the undifferen-

tiated epithelial cells surrounds the sperm

mass and forms the spermatophoric sheath.

No typhlosole-like structure is present in

the enlarged vas deferens, but epithelial cells

secrete a matrix which envelops the sperma-

tophoric sheath. That spermatophoric wall

and matrix are distinct secretions is attested

both by the diastem which separates them

and by the greater solubility of the matrix

in 0.1 N KOH.
Although neither naturally occurring sper-

matophores nor the process of fertilization

was actually observed, the facts that the ma-

trix hardens and that the seminal receptacle

does not open internally strongly suggest

mechanical liberation of the spermatozoa and

subsequent external fertilization.
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On the Previously Undescribed Aggregate Form of the Pelagic

Tunicate Ritteriella picteti (Apstein) (1904)^

Leo D. Berner2

During March, April, and May, 1949,

over 400 specimens of 'Ritteriella picteti were

taken off the west coast of the United

States and Baja California in the net hauls

taken by the Scripps Institution of Oceano-

graphy in conjunction with the California Co-

operative Research Program. This is its first

reported occurrence in the eastern Pacific

Ocean and in large numbers. In this material

the solitary form and the undescribed aggre-

gate form are both represented. The original

recognition of the aggregate form was based

on specimens that contained embryos of the

solitary form which were mature enough to

possess their characteristic diagnostic fea-

tures. Five individuals of the aggregate gen-

eration have been deposited in the United

States NationalMuseum, under number 11170.

I wish to express my appreciation to Dr.

Martin Johnson for his valuable assistance in

the preparation of this manuscript.

In the past Ritteriella picteti has been con-

sidered a rare species by all workers on the

Thaliacea. Apstein (1904: 655) described the

species from a single specimen taken off Am-
boina, Dutch East Indies. He again found the

species in the Tiefsee Expedition material

(1906^.' 252), listing two specimens, but ap-

pears to have confused it with R. amboinensis,

so the number may be higher. From the

Deutsche-Siidpolar Expedition, Apstein

(I906A 168) reported three specimens of R.

picteti. Ritter (I906: 1-5) took one specimen

from Sugura Bay, Japan, which he described

as a new species, Cyclosalpa retracta. Ihle (I9IO:

43-46) reported two specimens from the Si-

boga collections, and Sewell (1926) reported

^ Contribution from Scripps Institution of Oceano-
graphy New Series No. 686. Manuscript received June
12

, 1953 .

2 Scripps Institution of Oceanography, University

of California, La Jolla, California.

two specimens from the Indian Ocean collec-

tions he examined. Komai (1932: 64-69) and

Thompson (1948: 124-126) each reported one

specimen from their collections. Thus more
than 13 specimens, all of the solitary form,

were reported in nearly 50 years of investiga-

tion. Thompson (1948: 125) suggested that

he may have found the aggregate form of the

species, but from his description it appears

that he must have been looking at a very

young individual or at another species.

Ritteriella picteti (Apstein) (1904)

Cyclosalpa retracta Ritter, 1906

Salpa amhoinensis Apstein, 1906^/

[non] S. amhoinensis Apstein, 1904

Salpa picteti Apstein, 1906^

Salpa picteti Apstein, 1906^

Salpa retracta Ihle, 1910

Salpa picteti Ihle, 1910

Salpa picteti Ihle, 1912

Salpa {Ritteria) picteti Metcalf, 1918

Salpa {Ritteria) retracta Metcalf, 1918

Salpa {Ritteriella) picteti Metcalf, 1919

Salpa {Ritteriella) retracta Metcalf, 1919

Salpa {Ritteria) picteti Sewell, 1926.

Salpa {Ritteriella) picteti Komai, 1932.

Ritteriella picteti Ihle, 1935

Ritteriella picteti Thompson, 1948

DESCRIPTION OF AGGREGATE FORM

Body: (Eig. 1) The body is ovoid, with

anterior and posterior - processes which are

usually short. In dorsal view R. picteti is quite

similar in appearance to R. amhoinensis, Salpa

maxima, and S. fusiformis. The atrial opening

is dorsally placed. The test is soft, often col-

lecting debris from the sample, thus making

the details of the animals difficult to see. The
mature specimens examined have ranged in

size from 9 to 35 millimeters, excluding the

processes.
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Fig. 1. Ritteriella picteti, aggregate form. AO, atrial

opening; CF, dorsal tubercle; END, endostyle; G, gill;

GG, ganglion; FIM, dorsal horizontal muscle; M,
mouth; I-VI, body muscles.

Muscles: The body muscles (Figs. 1, 2)

may be asymetrically arranged. There are

usually six body muscles on each side of the

animal although specimens have been found

with seven on one side (Fig. 2). Body muscles

I and II are joined over the dorsal half of their

course, separating laterally, whereas III and

IV are joined dorsally over a short portion of

their course and contact the bundle formed

by muscles I and II in the same general area.

Muscles V and VI are also in contact over the

dorsal portion of their course. Laterally, mus-

cles IV and V may approach closely. Muscle

VI has an anterior branch in front of the gut

and a posterior branch which joins its mate

from the opposite side over the gut nucleus.

There is a broad, independent muscle running

along the base of the posterior process. The

atrial muscles resemble those of K. amboinensis.

PACIFIC SCIENCE, Vol. VIII, April, 1954

There are four delicate sphincters attached t

laterally to a delicate retractor muscle. This '
:

muscle then attaches to a heavier retractor I

which receives the attachment of the heavy
j

basal sphincter. The retractor finally attaches

to muscle VI just before the sixth muscle '

divides. The oral musculature (Fig. 3) in-

cludes a single oral retractor laterally on each

side and three sphincters on both the upper
|

and lower lips. The sphincters of the upper |l

lip include a wide muscle which is discon- |'

tinuous medially, Ui, a narrow muscle, U2 , i

and a wide muscle, U3. The sphincters of the
|

Fig. 2. Diagrammatic representation of some varia-

tions found in the arrangement of body muscles of

Ritteriella picteti, aggregate form: I-VI, body muscles.
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Uj
1

Fig. 3. Ritteriella picteti, aggregate from, oral mus-

culature. IM, intermediate muscle; Li etc., oral sphincter

muscles of the lower lip; OR, oral retractor; Ui etc.,

oral sphincter muscles of the upper lip.

lower lip are made up of a narrow muscle,

Li, a wider muscle, L2, and a wide muscle, L3.

The oral retractor passes internally to the

broad intermediate muscle which is discon-

tinuous both dorsally and ventrally. The hor-

izontal muscles are independent and run from

the region just behind the last dorsal oral

sphincter to about the region between the

ends of the first body muscles.

Internal Structure'. The gut forms a com-

pact nucleus in which the course of the

intestine cannot be clearly traced without dis-

section. The oesophageal opening, at the base

of the gill, is wide and slightly flared. The
anal opening is situated on the anterior left

side of the gut nucleus. The dorsal tubercle

is of typical form, elongate and slightly curved

in dorsal view. The dorsal ganglion is much
like that figured by Metcalf (1918) for K.

amboinensis. The endostyle is rather straight,

sharply hooked at the anterior end and slightly

hooked at the posterior end. It extends from

a point below the lower lip to the area pos-

terior to the bifurcation of muscle IV. There

is one embryo placed laterally in the area

between muscles V and VI.

COMPARISON WITH OTHER SPECIES

In comparing this species with R. amboinen-

sis, the other member of the genus, one finds

the two very similar. There are certain char-

acteristics, however, that show striking

differences; the body muscle bands in R. pic-

teti are wider and composed of more fibers.

Two typical individuals are compared in the

table below.

The large number of fibers in muscle VI of

R. picteti before its division might indicate

that there are in reality two muscles involved

and that the posterior branch might be num-

bered VII. It is felt however that, because of

the long-established convention in numbering

muscles, the normal order should be main-

tained even though the muscle might be

subdivided. Although the number 'of muscle

fibers is not constant from specimen to spec-

imen, the greater width of muscle bands and

greater number of fibers in the specimens of

R. picteti QxdLmmtd has been a constant feature.

This variation in muscle-band width was also

observed to a lesser extent in the solitary

forms examined. The cross banding on the

gill bars of I?. appears to be more closely

spaced than that on the gill bars of R. am-

boinensis. The oral musculature of the two

species is quite different, having three

oral sphincters on each lip whereas R. am-

boinensis has only two.

The greatest difficulty encountered has not

been in the differentiation of the two Ritter-

iella species but in the differentiation of R.

picteti from the aggregate form of Salpa fusi-

formis. If the muscle banding is distinct there

TABLE 1

Comparison of the Species of Ritteriella

BODY
MUSCLE

R. picteti R. amboinensis

Fibers

Width in

millimeters Fibers

Width in

millimeters

I 16 0.75 4 0.1

II 16 0.50 5 0.1

III 19 0.50 5 0.1

IV 18 0.50 6 0.1

V 17 0.50 6 0.1

VI 24 0.50 6 0.1

Total length

of animal.... 11mm. 9 mm.
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Key to
shading
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Fig. 4. Charts showing the distribution and approximate numbers of Kitteriella picteti, per 1,000 cubic meters

of water filtered. Isotherms in degrees centigrade.

is no problem, but in specimens in which the

muscles are not easily seen separation of the

species is complicated. The best solution to

the problem yet found is staining the muscles.

Eor the purpose of this "identification stain-

ing,” Rose Bengal has been found very useful

although not suitable for permanent prepara-

tions. A stock solution of 0.1 per cent Rose

Bengal may be added to a mixture of sea

water and formalin in various amounts to give

the intensity of staining desired, with no salt

reaction. The main objection to the method

is that the stain washes out very easily.

The distribution of R. picteti during the pe-

riod covered by this paper is shown in Figure

4; it can be seen that the occurrence of the

species is variable. The patchiness seen is typ-

ical of distributions of "salps” and especially

true of those which do not occur in large

numbers and are not extremely common. This

form appears to be much more tolerant of

cold water than its relative R. amhoinensis. It

has been taken in water with a temperature

as low as 10 degrees at a depth of 10 meters.

In the area examined, the lower limit of their

range appears to be in the vicinity of this

10-degree isotherm.
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New Records of Mysidacea and Euphausiacea

from the Northeastern Pacific and Adjacent Areas^

Albert H. Banner^

Since the publication of my tripartite re-

port on the Mysidacea and Euphausiacea of

the northeastern Pacific (1948^^, 1948^, 1950),

some additional collections of these crusta-

ceans from this region have been made avail-

able to me. These collections are in three

groups: (1) specimens collected by the King

Crab Investigation of the U. S. Fish and Wild-

life Service in the eastern Bering Sea in 1941,

principally from the stomachs of codfish and

pollock; (2) specimens collected at the Arctic

Research Laboratory at Point Barrow, Alaska,

from 1948 to 1952, principally by G. E. Mac-

Ginitie and Ira L. Wiggins who were spon-

sored by research contracts from the Office

of Naval Research to Johns Hopkins Uni-

versity and the California Institute of Tech-

nology; and (3) specimens collected by

various persons, including myself, at random

spots from Alaska to California after 1945.

Many of the records are within the established

range of the species, but even these are of

importance because not much is known about

these animals in the Pacific and, especially,

in Alaskan waters. Some of the records below

are extensions ofthe previously known ranges.

Two new species are described, and a genus

and several species previously described are

placed in synonymy. In addition, lectotypes

are designated for the species previously de-

scribed by me {op. cit.) from this region.

To keep this paper as short as possible,

rather than give the descriptions and full

synonymy, reference will be made only to the

original descriptions and to my previous

1 Contribution No. 45, Hawaii Marine Laboratory.

Manuscript received March 11, 1953.
2 Department of Zoology and Entomology, Univ-

ersity of Hawaii.

study or to the monograph of Tattersall

(1951).

Boreomysis nobilis Sars

Boreomysis nohilts G. O. Sars, Arch. Math.

Naturv. 4: 428, 1879.

Tattersall, U. S. Natl. Mus.,

BuL 201: 47, 243, fig. 6, 1951.

SPECIMENS EXAMINED: Arctic Research Lab-

oratory: No.?, Point Barrow, Alaska, Sept. 27,

1948; MacGinitie, collector. Four specimens.

The largest specimen, an immature female,

was 38 mm. long.

DISCUSSION: MacGinitie supplied the fol-

lowing notes: "Specimens collected near shore

after several days of offshore wind followed

by upwelling. [Body] translucent white with

a red stripe (gut) down middle of back, a red

stomach and fnouth region. Eyes metallic

crimson."

Previous records of this species have been

confined to the subarctic Atlantic Ocean and

the adjacent regions of the Arctic Ocean; it

has been reported as far south as Newfound-

land (Tattersall, 1939) and as far north as

77°N. on both coasts of Greenland (Stephen-

sen, 1933, 1943). Its westernmost record until

now was the western sounds leading into

Baffin Bay (Tattersall, 1939).

Archaeomysis grebnitzkii Czerniavsky

Archaeomysis grebnitzkii Czerniavsky, St. Pe-

tersbourg Nat., Trudy 12: 73, 1882; 18: pi.

30, figs. 17-24; pi. 32, figs. 19-20, 1887.

Banner, Roy. Canad. Inst.,

Trans. 26: 370-374, pi. 5, figs. 6a-i, 1948.

[Redescribed.]

Tattersall, U. S. Natl. Mus.,

125
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Bui. 201: 81-86, figs. 21-22, 1951. [Re-

described.]

SPECIMENS EXAMINED: Numerous adult

specimens of both sexes in sand in intertidal

zone, Pismo Beach, Calif, (about 50 miles

north of Point Conception), Nov., 1945; A.

H. Banner, collector. The specimens were

found burrowing in the sand in the wave-

washed portion of the beach.

DISCUSSION: The specimens listed above

and those previously examined and reported

upon agree quite well with TattersalPs re-

description and with his criteria for the sep-

aration of A. maculata (Holmes) from A.

grehnitzkii

.

However, in both groups of spec-

imens the posterior dorsal tooth of the fifth

abdominal segment was present, a character-

istic Tattersall reported to be unique to A.

maadata. Therefore, reliance should not be

placed upon that to separate the two species.

My previous records for the species reached

only to the southern portion of the state of

Washington, and those of Tattersall reached

only to Half Moon Bay, immediately south

of San Francisco, California; the present rec-

ord, therefore, is the most southerly for the

species. It is noteworthy that, during the

month in which this collection was made at

Pismo Beach, many other beaches to the

south, especially in the Los Angeles area, were

investigated and neither A. grehnitzkii not A.

maculata were found.

Mysis oculata (Fabricius)

Cancer oculatus Fabricius, Fauna Groenlandica,

pp. 245-246, 1780.

Pugetomysis litoralis Banner, Roy. Canad. Inst.,

Trans. 27: 105, pi. 6, figs. 18a-k, 1948.

Mysis oculata Tattersall, U. S. Natl. Mus., Bui.

201: 165-167, fig. 61, 1951. [Redescribed.]

SPECIMENS EXAMINED: Arctic Research Lab-

oratory: No. 492, washed ashore near Point

Barrow, Alaska, Sept. 22, 1949; MacGinitie,

collector. One immature female.

No. 659, plankton tow off Point Barrow,

Alaska, Oct. 31, 1949; MacGinitie, collector.

PACIFIC SCIENCE, Vol. VIII, April, 1954

About 20 specimens, immature males and
1

females, mature females. ^

No. 660, plankton tow off Point Barrow,
;

Alaska, in churning water, evening. Sept. 1, !

1949; MacGinitie, collector. Four immature
j:

males and females.
j

No..^, plankton tow off Point Barrow, Alas-

ka, July 23, 1948; MacGinitie, collector. Ten
larval forms. I

No. 489, beach, Point Barrow, Alaska, July
|

24, I95O; Wiggins, collector. Five immature
j

males and females.
|

Red Station 2. Dredged at 70°08'N., 143°-
]

54'W., 1 specimen. .
|

Red Station 3. Dredged at 70°03'N., 145°-
;

14'W., approximately 150 specimens. i

Red Station 4. Dredged at 70°12'N., 145°-
|

55 'W., 6 specimens.

Red Station 5. Dredged at 70°11'N., 146°-

15 'W., 177 specimens.

Red Station 6. Dredged at 70°15'N., 146°-

50'W., approximately 150 specimens.

Red Station 7. Dredged at 70°26'N., 147°-

55 'W., approximately 100 specimens.

Red Station 8. Dredged at 70°31'N., 148°-

50'W., 26 specimens.

Red Station 10. Dredged at 70°34'N., 150°-

15 'W., approximately 100 specimens.

Red Station 11. Dredged at 70°43^N., 150°-

59'W., approximately 100 specimens.

Red Station 12. Dredged at 70°40'N., 151°-

50'W., 17 specimens.

Red Station 15. Dredged at 70°57'N., 153°-

15 'W., 1 specimen.

Red Station 16. Dredged at 70°57'N., 154°-

16'W., 5 specimens.

Red Station 18. Dredged at 71°13'N., 155°-

48 'W., 15 specimens.

The stations of the "Red” were taken be-

tween August 9 and 12, 1953. The depths

varied from 9 to 42 feet; the surface tem-

peratures from 2.6°C. to 4.8°C.; the bottom

temperatures from ~3.5°C. to 3.2°C.; the

surface salinity from 8.87 0/00 to 23.48 0/00;

the bottom salinity from 24.33 0/00 to 30.61

0/00; the bottoms were of mud, sand, gravel.
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and clay. Further details on the stations may
be found in Wilimovsky (1953).

DISCUSSION: Specimens apparently of this

species are represented in the collection only

by mature females and immature specimens

of both sexes. The immature males are about

10 millimeters long, whereas the two mature

females are over 20 millimeters long. The
specimens agree well with the described char-

acteristics of M. oculata, except that the pleo-

pods of the males are obviously immature.

In these males all pleopods save the fourth

are uniramous, and in the fourth the exopod

is divided into only three articles, whereas the

endopod has no subdivisions. However, in

adult M. oculata both the third and fourth

pleopods are biramous, the third with an ex-

opod of five articles and the fourth with an

exopod of seven articles. Because of the close

similarity of these specimens to the descrip-

tions of M. oculata, and because of the much
greater size of the mature females, it was de-

cided that the males were immature.

This condition is the same as that of the

immature males described by me as Pugeto-

mysis litoralis. I had presumed from the fourth

pleopods of these specimens that they were

almost mature. Since examining the Point

Barrow specimens, I have re-examined the

specimens in the type lot, and I can find no

differences that could be considered of major

importance. Therefore, P. litoralis is a syn-

onym of M. oculata, and the genus Pugeto-

mysis, erected to contain only that species, is

a synonym. As a consequence, the type will

not be deposited in the U. S. National

Museum.

Mysis oculata is circumpolar in distribution

and has been reported from the arctic coasts

of North America, Europe, and Asia; it has

been reported from the Arctic Ocean on

either side of Bering Straits and as far south

as Kiska, Alaska.

The specirnens originally reported as P.

litoralis came from Friday Harbor, Washing-

ton, and represent the first record of the spe-

cies in the Pacific Ocean proper and the first
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record of the genus or species along the

western coast of subtemperate and temperate

North America.

Mysis relicta Loven

Mysis relicta Loven, Svenska Vetensk. Akad.,

Ofversigt af . . . forhandl., p. 285, 1862.

Tattersall, U. S. Natl. Mus.,

Bui. 201: 167-168, hg. 62, 1951.

SPECIMENS EXAMINED: Arctic Research Lab-

oratory: No. 489, beach, Point Barrow, Alaska,

Sept. 24, 1950; Wiggins, collector. Two spec-

imens, immature.

No. 665, plankton cow off Point Barrow,

Alaska, Sept. 30, 1949; MacGinitie, collector.

About 500 specimens, immature.

No..^, Elson Lagoon near Point Barrow,

Alaska, Sept. 1, 1949; MacGinitie, collector.

About 50 specimens, immature.

No..^, Elson Lagoon near Point Barrow,

Alaska, July 28, 1950; MacGinitie, collector.

Five specimens, immature.

No..^, Nuwuk Pond near Point Barrow,

Alaska, Aug., 1952 (chlorinity 1.3 o/oo);

John Mohr, collector. Twelve specimens,

immature.

DISCUSSION: Mysis relicta is distinguished

from the very closely related M. oculata chiefly

by a more shallow and more pointed indenta-

tion on the posterior margin of the telson and

a broader squame of the second antenna.

However, these conditions are found in the

larval form of AI. oculata as well. In view of

the work of Olafsson (1918) which indicated

that M. relicta might not be produced by any

inherited differences from the stem form but

merely by the lesser salinity of their environ-

ment, I am not personally convinced of the

validity of the species. However, until more

definite information is available I will accept

the decision of previous workers that M.
relicta is a separate and valid species.

The celsons of the specimens listed are al-

most identical to those described for M. relic-

ta, but the antennal squame is more like that

of M. oculata, almost six times as long as
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broad. Because of the small size and the sexual

immaturity of these specimens they possibly

could be interpreted as young M. oculata.

However, inasmuch as the cleft of the telson

in specimens of M. oculata of similar size had

the adult configuration, the present specimens

were considered to be young of Af. relicta.

Like M, oculata, Af. relicta is circumpolar

in distribution and occurs not only in brackish

and fresh water lying near the present Arctic

Ocean but also as far south as the lakes left

by the continental ice sheets, such as the

Great Lakes of North America. Dr. Mohr, in

a personal communication, has described the

pond where he collected these specimens at

Point Barrow:

There extends northeast from Pt. Barrow base

for about seven miles a peninsula . . . called

Nuwuk. On the tip there are several shallow

pools and a larger one roughly a block long and
at least 17 feet deep near the center. . . . Nuwuk
pond is possibly a hundred yards from the pres-

ent seashore. Between the main pond and the

sea is a smaller pond which would about halve

that distance, and very clear and apparently

quite recent channels connect the smaller to

the main pond. ... I had the strong impression

that Nuwuk Pond was of recent separation from
the sea. I think [that the geologists of the party

were inclined to agree with this].

This species has been reported previously from

Arctic Alaska.

Neomysis rayP (Murdock)

Mysis rayii Murdock, U. S. Natl. Mus., Proc.

7: 519, 1885.

Neomysis rayii Banner, Roy. Canad. Acad,,

Trans. 27: 78-82, pL 2, fig. 12, 1948.

Neomysis Tattersail, U. S. Natl. Mus., Bui.

201: 181-186, figs. 68-71, 1951.

SPECIMENS examined: Arctic Research Lab-

oratory: No. 532, beach. Point Barrow, Alas-

ka, Sept. 28, 1950; Wiggins, collector. One
specimen.

® The terminal "i” must be dropped from this

patronymic according to the International Rules of

Zoological Nomenclature as amended in Paris in 1948

—see Bui. Zool. Nomen. 4: 68, 1950.

No.?, plankton tow near shore, July 13,

1950; MacGinitie, collector. One specimen,

broken (identification not certain).

King Crab Investigation: No. €-109, stomach

of Gadus macrocephalus, Point Moller, Alaska,

20-23 fathoms, June 5, 1941. One mature

male 32 mm. long.

DISCUSSION: These records add nothing to

the known range, as Point Barrow is the type

locality and the species have been previously

reported from the Bering Sea region.

Neomysis kadiakeosis Ortmann

Neomysis kadiakensis Ortmann, U. S. Nath
Mus., Proc. 34: 8, 1908.

Banner, Roy. Canad. Inst.,

Trans. 27: 83, pL 3, fig. 13, 1948.

Tattersall, U. S. Natl. Mus.,

Bui. 201: 192-194, fig. 75, 1951.

SPECIMENS EXAMINED: King Crab Investiga-

tion: No. C-87, Akutan Bay, Alaska, April 27,

1941. Three specimens.

DISCUSSION: These specimens are from

slightly west of the previous northern and

western record, that of Ortmann for the type

specimens from Kodiak Island, Alaska.

Neomysis awatscheosis (Brandt)

Fig. 1

Mysis awatschensis Brandt, Middendorf’s Reise

. . . 2(1): 126, 1851.

Neomysis awatschensis Zimmer, Fauna Arctica,

3: 468, 1904.

Neomysis nigra Nakazawa, Annot. Zool. Ja-

ponensis 7(4): 248, I910.

Heteromysis intermedia Czerniavsky, St. Peters-

bourg Nat., Trudy 13: 35, 1882.

Neomysis intermedia Zimmer, Fauna Arctica

3: 469, 1904.

Neomysis isaza Marukawa, Annot. Oceanog.

Rech. 2: 6, 1928.

Neomysis mercedis Holmes, Calif. Acad. Sci.,

Proc. II, 6: 199, 1897.

[For a full listing of all citations to these

nominal species, see Tattersall, 1951: 187-

191.]
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SPECIMENS examined: Naknek River, Alas-

kan Peninsula (Bristol Bay, approximately

59°N., 157°W.)5 low tide, near shore, July

11, 1946; Chester R. Mattson, collector; spec-

imens loaned by Dr. J. E. Lynch, University

of Washington. About 50 specimens.

DISCUSSION: The animals of this complex,

described as five different species and more

recently resolved to three species (N. awat~

schensis, N. intermedia, and N. mercedis), are

known to extend around the rim of the North

Pacific from San Francisco, California, to the

coasts ofJapan and China. N. mercedis reached

from San Francisco Bay to the waters of

southern British Columbia; N. intermedia from

south central Alaska and Bering Island to the

coasts of Siberia, Japan, and China; and N.

awatschensis was known only from Kamchatka

(Tattersall, 1951: 190, in his distributional

lists forgot to mention the type locality,

Awatscha Bay in Kamchatka), Japan, and

China. All are known to inhabit brackish

water, and in Washington, at least, N. mer-

cedis penetrates into fresh-water lakes (Banner,

1948A 75).

These three forms, accepted as separate spe-

cies, have been known to be closely related.

Tattersall in 1932 (p. 321) and again in 1951

(p. 187 et seq.) remarks upon this but gives

criteria by which the species may be separated.

The specimens listed above from the Bering

Sea were somewhat intermediate in some of

these criteria and have caused me to consider

again, on the basis of the variations observed

in specimens from Washington and Alaska,

the validity of the separation of the three

species.

TattersalPs criteria for the separation of the

three species are listed below, together with

notes on the specimens from Washington and

Alaska.

Size: Tattersall states that mature N. awat-

schensis are 10 millimeters long, whereas N.

mercedis are 15 millimeters long. However,

some mature specimens from Washington
known as iV. mercedis are 11 millimeters long.

The size of N. intermedia was not given by
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Tattersall, but specimens from Alaska ap-

proaching that species are 10 millimeters long

and mature.

Color: Tattersall states that N. awatschensis

is black and N. mercedis ”is certainly not

black.” Observations on living specimens

originally identified as N. mercedis, both those

collected so recently as to have the color un-

changed and those kept alive in aquaria, have

not shown any jet-black individuals, but the

color was found to range from almost trans-

parent to a condition where the chromato-

phores were sufficiently expanded to make the

individual almost black. In aquaria it was

found that the color ofthe individuals changed

with their environment. Several specimens

were found that were pale green in color.

This variability in the color pattern was rem-

iniscent of Acanthomysis sculpta (Tattersall),

which was found to vary from transparent,

through sandy (and green), to jet black. To
my knowledge there are no color notes on

N. intermedia.

Rostralplate: N. mercedis is supposed to have

a quadrangular rostral plate, N. intermedia a

rounded rostral plate, and N. awatschensis a

pointed rostral plate. The forms from Wash-

ington and from Alaska show variation in this

plate, with only a few showing even an ap-

proximation of the quadrilateral condition

and the rest varying from broadly rounded

to narrowly rounded. In none was the rostrum

pointed; however, those in which the tip was

narrowly rounded certainly approached the

pointed condition.

Antennal squame: This is supposed to be 8

times as long as broad in N. mercedis and N.

awatschensis but 10 times as long as broad in

N. intermedia. In some of the specimens from

Washington the squames are slightly longer

than 8 times as long as broad, while in many
ofthe specimens .from Bristol Bay the squames

are about 9 times as long as broad.

Eyes: In N. mercedis and N. intermedia the

entire eyestalk is 1.5 times as long as the

cornea is broad, with the cornea occupying

less than 0.5 the length of the entire stalk
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and with the breadth of the peduncle equal

to 0.4 of its length. In N. awatschensis the en-

tire eyestalk is slightly less than 1.5 times as

long as the cornea is broad, with the cornea

occupying 0.5 the length of the entire stalk,

and the peduncle is 0.5 as wide as the stalk

is long. The specimens examined agree with

N. mercedis and N. intermedia.

Thoracic endopods: Tattersall reports that the

sixth joint of the thoracic endopods is divided

into 8-10 secondary joints in N. mercedis, into

7-11 joints in N. intermedia, and into 6-8

joints in N. awatschensis. Smaller specimens of

N. mercedis from Washington have 6-8 joints,

whereas the larger have 8-10; specimens from

Alaska approaching N. intermedia have 7-10

joints.

Fourth pleopods of the males: In N. mercedis

and N. awatschensis the terminal article of the

outer branch of the fourth pleopods of the

males is supposed to be 0.25 the length of

the proximal joint and definitely shorter than

the terminal setae, whereas in N. intermedia

the terminal article is 0.5 the length of the

proximal and longer than the setae. However,

in mature specimens from Washington the

terminal article is 0.3 to 0.2 the length of the

proximal, whereas immature specimens have

the proportions given for N. intermedia.

Telson: Tattersall reports the telson to be

similar in N. mercedis and N. intermedia, being

twice as long as broad, the apex 0.2 the

breadth of the base and the lateral spines

shorter than the spaces between their bases;

the only difference is that in N. mercedis there

are 15 lateral spines (as shown by Tattersall

in fig. 72), whereas in N. intermedia there are

13-21 lateral spines. He reports that the telson

of N. awatschensis is 1.75 times as long as

broad, the apex is 0.25 the breadth of the

base, and the posterior of the 17-21 lateral

spines are longer than the spaces between

their bases. In the specimens from fresh water

from Washington the tip of the telson is about

O. 12 the breadth of the base, but in some of

the more brackish-water specimens from

Washington and Alaska the tip is 6.25 to 0.2

PACIFIC SCIENCE, Vol. VIII, April, 1954

Fig. 1. 'tseomysis awatschensis (Brandt), specimen from
Naknek River, Alaska, a. Fourth pleopod of male;

b, telson, showing extreme condition of the spines.

(Both drawings to the same scale.)

the breadth of the base. The number and

length of the lateral spines are also variable,

even those from the same locality; for ex-

ample, some of those from Naknek River had

spines longer than the spaces between their

bases, therefore more like N. awatschensis,

whereas in others the spines were shorter, like

the other two species. The length-breadth re-

lationship showed similar variation.

With this summation it can be seen that the

three species were separated by rather small

differences, but such differences, were they

to remain constant, would have been adequate

for the separation of the species. However,

the specimens examined showed all these

characteristics to be variable beyond the lim-

its set for the separation of the three species.
’

The sole exception may be found in the rather

slight differences reported for the eyes, and
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on the closely related N. rayi (Murdock) this

was shown to be an unreliable characteristic.

Probably the most firm of the criteria might

be found in the shape of the rostral plate and

the fourth pleopods of the male. However, it

was precisely these characteristics again that

were found to be without worth in the at-

tempted separation of N. rayi from N. fran-

ciscorum. In fact, the differences in this com-

plex parallel the differences found between

the warm-water N. franciscorum (as it was pre-

viously known) and the colder-water N. rayi.

Unfortunately, the collections do not per-

mit the complete removal of all differences,

but when it is considered that there are

stretches of the coast of the North Pacific

hundreds of miles long where the species

must exist but where no collections have ever

been made, it is logical to presume that com-

plete intergradations between the various

types could be found.

It is for these reasons that N. mercedis and

N. intermedia have been placed in synonymy

to N. awatschensis.

Acanthomysis pseudomacropsis

(Tattersall)

Neomysis pseudomacropsis Tattersall, Contrib.

Canad. Biol. 8: 94-97, figs. 7a-b, 8a-f,

1933.

Acanthomysis pseudomacropsis Banner, Roy.

Canad. Inst., Trans. 27: 89, 1948.

Tattersall, U. S. Natl. Mus.,

Bui. 200: 217, figs. 91, 92, 1951.

SPECIMENS examined: King Crab Investiga-

tion: No. C-109, stomachs of Gadus macro-

cephalus, Point Moller, Alaska, May 6, 1941.

Two specimens from separate stomachs.

No. C-117, stomach of Theragra chalco-

gramma, Cape Seniavin, Alaska, May 8, 1941.

Twenty specimens.

DISCUSSION: Previous records of this species

have extended from Washington to the coast

of Siberia; these records, therefore, do not

extend the range.

Acanthomysis sculpta (Tattersall)

Neomysis sculpta Tattersall, Contrib. Canad.

Biol. 8: 197-200, figs. 9a-b, lOa-d, lla-b,

1933.

Acanthomysis sculpta Banner, Roy. Canad. Inst.,

Trans. 27: 97-99, 1948.

Tattersall, U. S. Natl. Mus.,

BuL 201: 248, 1951.

SPECIMENS EXAMINED: Fifteen specimens

from Pismo Beach, California (about 50 miles

north of Point Conception), from the sand

in the intertidal zone, Nov., 1946; A. H.

Banner, collector.

DISCUSSION: As this species is known from

Vancouver Island, Canada, to La Jolla, Cali-

fornia, this record merely fills in part of the

range.

Acanthomysis alaskensis n. sp.

Fig. 2

DESCRIPTION: Rostrum triangular, acute,

with tip reaching almost to the proximal por-

tion of cornea of eye; dorsal surface straight

in profile. Anterolateral corners of carapace

produced and acute.

Eyes large, with peduncle short and heavy,

broader than long. Inner superior surface of

peduncle with poorly developed triangular

papilla. Cornea expanded, dorsoventrally com-

pressed and subovate in lateral view.

Antennular peduncle showing usual sexual

dimorphism, in males with distal article heav-

ier than in females and bearing well-developed

process masculinus. Basicerite of antenna bear-

ing a small but acute tooth. Antennal pedun-

cle reaching only to middle of last article of

antennular peduncle. Squame twice as long

as antennular peduncle, six times as long as

broad; distal twentieth demarked by feeble

articulation.

Labrum with acute anterior process.

Protopodite of first thoracic leg laterally

expanded so that exopod and endopod are

some distance removed from each other, and

bearing well-developed, lobe-like endite. Pro-

podi of third to eighth thoracic legs with 6



Fig. 2. Acanthomysis alaskensis, n. sp. a. Anterior region, dorsal aspect; b, anterior region, lateral aspect; c, first

thoracic leg; d, second thoracic leg; e, seventh thoracic leg; /, abdomen, lateral aspect; g, third pleopod, male;

h, fourth pleopod, male; /, fifth pleopod, male;/, uropod; k, telson; /, tip of telson. All drawings except g, h, and

i from a mature female, {a, b, j, k, scale A; c, d, e, g, h, /, scale B; /, scale C; /, scale D.)
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to 8 secondary articulations. Armature of

basal plate of exopod variable.

Terga of first live abdominal somites bear-

ing transverse folds somewhat similar to those

described iotAcanthomysisdavm^2smti ( 1948;^

:

96). Sixth abdominal segment with three folds

that are discontinuous dorsally; anterior pair

set on a slight angle to transverse line of body

and poorly developed; posterior two pairs

transverse to body and well developed.

Telson slightly over twice as long as the

sixth abdominal segment, triangular in shape

with anterior lateral margins concave, middle

and posterior lateral margins straight to

slightly convex. Telson 3 times as long as

broad at base, with breadth at tip one-twen-

tieth breadth of base. Spines on basal half of

lateral margins more or less regularly placed

and of subequal lengths; larger spines of pos-

terior half of lateral margins separated from

each other by groups of 3 to 5 much shorter

spines; penultimate lateral spines with tips

reaching beyond tip of telson; final spines

very slightly longer than tip is broad and

separated by 2 very short spines.

Inner uropod reaching almost to end of

telson and bearing 4 to 5 spines near statocyst;

outer uropod 1.5 times length of inner.

Only fourth pleopods of male biramous,

with tip of exopod reaching slightly beyond

end of fifth abdominal segment. Proximal

article of exopod 4.5 times length of distal

and bearing a single strong spine; distal article

bearing 2 strong spines that are 4 times length

of distal article. Fifth pleopod of males 0.8

as long as fourth.

SPECIMENS examined: Type specimen: A
submature male, 19.7 mm. long, collected by
theKing Crab Investigation, haulC-117, June

8, 1941
,
from the stomach of Theragra chalco-

gramma (Pallas) (Alaskan pollock), taken off

Cape Seniavin on the Alaskan Peninsula

(about 160°W.) in 23-26 fathoms. U. S. Na-
tional Museum 95638.

Paratypes : Many others collected with type,

some in semidigested condition. Five others

also collected by the King Crab Investigation
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at Point Moller, Alaska, from the stomachs

of cod.

DISCUSSION: These specimens were inter-

preted to be immature on the basis of char-

acteristics of the female, not the male, for the

females of size similar to the type did not

have their oostegites fully developed. On the

other hand, it may be that the males are ma-

ture but reach a smaller size at maturity than

do the females.

This species belongs to the group in this

genus that have the abdomens with dorsal

folds in the chitin: A. mitsukurii

(I9IO: 250), A. stelleri (Derzhavin) (1913:

202), A. davisi Banner (1949: 95), A. costata

(Holmes) (I9OO: 221), H. sculpta (Tattersall)

(1933: 197), and A. borealis (described in this

paper) . A. mitsukurii can be distinguished from

this species and from all other species in the

group by the presence of small denticles on

the folds of the abdomen, as well as by other

characteristics. A. sculpta can be distinguished

by the presence of four large spines on the

tip of the telson and by the lack of a strong

bristle on the basal article of the exopod of

the fourth pleopods of the male. A. borealis

is easily separated by the rounded tip of the

telson and by the uniform series of spines on

its distal tenth.

However, this species and the remaining

three species, A. costata, A. stelleri, and A.

davisi, are most obviously closely related. A.

costata and A. davisi are both smaller species

found in more southern waters, whereas A,

stelleri and A. alaskensis are larger northern

forms. The characteristics that will serve to

separate them are given in Table 1.

From the examination of this table it will

be seen that the species have much in com-

mon and that the diagnostic characteristics

—primarily the rostrum, eyes, antennal squa-

me, abdominal grooves, shape, and armature

of the telson— are small differences in propor-

tions in parts that are known in other species

to be variable. The fourth pleopods of the

male show less difference than is found be-

tween the northern and southern races of

Neomysis rayi.
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TABLE 1

Characteristics Which Differentiate the Species in the Acanthomysis costata Group

CHARACTERISTIC A. alaskensis A. stelieri'^ A. costata\ A. davisi

Size About 20 mm. About 20 mm. 8 mm. 9-11 mm.

Rostrum Acute; reaching al-

most to end of ocu-

lar peduncle

Not as acute as A.

alaskensis; reaching

to middle of ocular

peduncle

"short . . . pointed” Subacute; not reach-

ing to middle of ocu-

lar peduncle
\

Cornea Dorsoventrally com-
pressed; laterally

broadened

Rounded (?) Rounded (?) Rounded to slightly

compressed; not
markedly laterally

broadened

Antennal squame. . . . 7 times as long as

broad
;

2 times
length of antennular

peduncle

7 times as long as

broad; 1.5 times
length of antennular

peduncle

5 times as long as

broad; 1.3 times
length of antennular

peduncle

5 times as long as

broad; 1.3 times
length of antennular

peduncle

Propodi of thoracic

legs 3-8 6-8 secondary arti-

cles

4-6 secondary arti-

cles

4-5 secondary arti-

cles

4-5 secondary articles

Rugae of abdominal

somites

1 1 fold 2 folds, discontinu-

ous dorsally

3 folds 2 folds, 1st slight

2! 1 fold 2 folds, discontinu-

ous dorsally

2 folds 2 folds, 1st slight

3 1 fold 3 folds, discontinu-

ous dorsally

2 folds 2 folds, 1st slight

4 3 folds 2 folds, discontinu-

ous dorsally

2 folds 3 folds

5 3 folds, 2 discontin-

uous dorsally

2 folds, 1 discontin-

uous dorsally

2 folds 3 folds, 2 discontinu-

ous dorsally

6 3 folds, all discon-

tinuous dorsally

1 fold, continuous

dorsally

2 folds, first project-

ing as triangular

plate, second con-

tinuous

3 folds, all discontin-

uous dorsally

Telson

length/length 6th

abdominal segment 2/1 1.5/1 2/1 2/1

length/breadth at

base 3/1 2.5/1 2.5/1 2.5/1

breadth at tip/

breadth at base. . .

.

1/20 1/6 1/15 1/40

penultimate long

lateral spines Reachingbeyond tip

of telson

Reachingbeyond tip

of telson

Not reaching to tip

of telson

Reaching about mid-

length of telson

posterolateral spines Length equal to

breadth of telsal tip

Length equal to

breadth of telsal tip

Length equal to

twice breadth of tel-

sal tip

Telsal tip so different

that comparison not

valid
4th pleopods of male

exopod
basal article 4.5 times length dis-

tal article

Undescribed 5 times length distal

article

4.5 times length dis-

tal article

terminal setae 4 times length distal

article

Undescribed 3 times length distal

article

3 times length distal

article

* Comparison based on Derzhavin’s figures and short description; the teJson shown by Tattersall (1951: 212, fig. 88) does
not agree with that shown for the type species.

i' Comparison based on Holmes’s original description ( 1900: 221) and upon the more adequate redescription by Tattersall

( 1932: 327). The specimen depicted by Hansen (1913: 177) showed a telson with the terminal spines like A. sculpta

(Tattersall), not A. costata.
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With the geographic variation of Neomysis

rayi and N. awatschensis, members of a closely

related genus, in mind and viewing the rel-

atively minor differences between the species

of the Acanthomysis costata group, I am of the

opinion that this complex, too, may represent

only a single species with various geographic

races. However, as I have been able to find

no variation in those specimens that I have

studied nor have variations been reported by

workers from other of these species, and as the

characteristics as they are now given are suf-

ficient to separate the four forms, I have de-

cided for the time to maintain them as four

species.

Acanthomysis borealis n. sp.

Fig. 3

Acanthomysis sp. Banner, Roy. Canad. Inst.,

Trans. 27: 101-102, pi. 6, figs. 17a-d, 1949.

DESCRIPTION: Anterolateral corners of the

carapace produced and acute. Rostrum tri-

angular with acute tip reaching only to basal

portion of ocular peduncle.

Eyes similar to those of A. sculpta (Tatter-

sall), 1.3 times as long as broad; corneas

occupying distal 0.4, subhemispherical. Pe-

duncle with very short dorsal papilla.

Antennular peduncle 1.5 times length of

eyes, slender, with first article slightly less

than twice as long as broad. Basicerite of an-

tenna with small but acute tooth; peduncle

reaching only to end of first antennular article;

squame 7 times as long as broad, with distal

0.04 separated by usual articulation.

Labrum with acute anterior process. Mouth-
parts usual.

Endopods of third to eighth thoracic legs

with 5-7 secondary articulations in propodi;

dactyli about 0.5 the diameter and length of

distal propodal article. Basal plates of exopods

with or without denticle.

Abdomen with following grooves and folds

:

Segment 1 : single fold in middle; two rounded

grooves

;

Segment 2: single fold in middle; posterior

groove poorly defined;

Segment 3: same as segment 2;

Segment 4: single fold in middle; posterior

groove better defined;

Segment 5: heavy rounded ridge in middle,

discontinuous over midline and projecting

on either side of midline as rounded lobes;

posterior to middle ridge a heavy fold,

almost discontinuous over midline; near

posterior margin another rounded ridge and

groove, also discontinuous; posterior mar-

gin projecting over base of segment 6 as

rounded lobe;

Segment 6: similar to segment 5, except

ridges and folds are heavier and discon-

tinuous over midline,

Telson 1.8 times length of sixth abdominal

segment, 3.5 times as long as broad. Lateral

margins anteriorly convex for short distance,

then concave, convex again in middle, and

in posterior half slightly concave. Tip so nar-

rowly truncate and meeting rounded lateral

margins at such an angle that it at first appears

rounded. Spines of anterior half of lateral

margins subequal in length; those from mid-

dle to near tip alternating between longer

spines and groups of 2-6 shorter spines; in

posterior tenth spines again subequal in

length and 0.5 to 0.66 length of long spines

in preceding portion. Posterolateral spines of

tip slightly longer than lateral spines adjacent;

median terminal spines 0.5 length of postero-

lateral spines.

Inner uropod 0.7 length of outer, slightly

shorter than telson and bearing four spines

near statocyst.

SPECIMENS examined: Type specimen: A
mature female 19 tnm. long collected from

the stomach of a cod by the U. S. Fish and

Wildlife King Crab Investigation, No. C-108,

off Port Moller, Bristol Bay, Alaska, in 20-22

fathoms, May 6, 1941. U. S. National Mu-
seum 95639.

Paratype: an immature female, 15.5 mm.
long, same data as type.

DISCUSSION: These specimens agree well

with the specimen from Olga Bay, Kodiak
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Fig. 3. Acanthomysis borealis, n. sp. a. Anterior region, dorsal aspect; b, sixth thoracic leg; c, abdomen, lateral

view; d, uropod (statocyst spines are on other side of inner uropod); e, telson; /, tip of telson, {a, b, d, e, scale

A; c, scale B; /, scale C.)

Island, Alaska, described by me as Acantho-

mysis sp. in 1949 .
(In the description of this

species [p. 102] there is a typographical error:

the telson is 1.7 mm. long instead of 0.7 mm.
long.) There are slight differences in propor-

tions as, for example, those of the eyes,

squame, and telson; the dorsal papilla of the

ocular peduncle was not observed previously;

and there are .flight differences in the rugae

and folds of the abdomen. But as the general

configurations are similar and the distal end

of the telsons are almost identical, and as the

Kodiak specimen is markedly immature, the

differences are not considered to be enough

to warrant separation of the two forms.

The Kodiak specimen was left unnamed,

as it was felt that without mature specimens

too much faith should not be placed in its

characteristics. This specimen shows that the

distinguishing characteristics, especially the

telson, are not influenced by growth. It is

unfortunate that there are no mature males

available, but the unique telson should be

adequate to separate this species from related

species, whether male or female specimens

are examined.

As discussed under A. alaskensis, there are

now seven species in the genus Acanthomysis

with rugose abdomens. Some of the character-

istics of those species are discussed under A.

alaskensis; here it will suffice to say that all

other members of the group have plainly

truncate telsons with relatively straight sides

immediately proximal to the truncation and

that in all of them the posterolateral spines

of the telson are markedly larger than the

spines immediately adjacent on the lateral

margins. In this species, on the other hand,

the posterior margin of the telson is so in-

decisively truncate that it appears rounded,

and the posterolateral spines are only slightly

larger than the adjacent spines. Other char-

acteristics can be used to supplement these

differences—the large medial spines found on

the tip of the telson in A. sculpta, the dorso-

ventrally compressed eye in A. alaskensis, etc.

(see Table 1).

Thysanoessa raschi (M. Sars)

Thysanopoda raschii M. Sars, Vidensk. Selsk.

Christiania, EorhandL, 1863, p. 83.
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Thysanoessa raschii Banner, Roy. Canad. Inst.,

Trans. 28: 27, pi. 3, figs. 22a-b, 1950.

[Includes synonymy.]

SPECIMENS examined: Arctic Research Lab-

oratory: No. 341, plankton tow off Point Bar-

row, July 25, 1948; MacGinitie, collector.

Four specimens.

No. 482, washed ashore near Point Barrow,

Sept. 20, 1949; MacGinitie, collector. Six

specimens.

No. 661, same as No. 482, Sept. 20, 1949.

One specimen.

No..^, plankton tow near Point Barrow,

Alaska, 1:30 p.m., Oct. 31, 1949; MacGinitie,

collector. One specimen.

No..^, from gullet of Sabine gull, Elson

Lagoon, Point Barrow, Alaska, Oct. 31, 1949;

MacGinitie, collector. One specimen.

No. 489, Point Barrow Base, Alaska, July

24, 1950; Wiggins, collector. Eight specimens.

King Crab Investigation: C-108, C-109, Point

Moller, Alaska, May 6, 1941, thousands of

specimens from the stomachs of about 15 cod

{Gadus macrocephalus) each on two separate

samplings. Some of the cod had between 500

and 1,000 euphausids in their stomachs.

C-117, C-119, Cape Seniavin, Alaska, May
8, 9, 1941, less than 1,000 specimens from

one pollock {Theragra chalcogramma)^AnA

three cod stomachs.

DISCUSSION: The specimens listed are with-

in the previously known range. It is notable

that no other euphausid was found in the

cod and pollock stomachs. This is similar to

the role Thysanoessa inermis (Kr0yer) played in

the food of the 23 whales from Akutan (Ban-

ner, 1950: 27). The difference in food may be

due to the fact that T. raschi is an inshore

species, whereas T. inermis is more commonly
found beyond the margin of the continental

shelf.

Thysanoessa longipes Brandt

Thysanoessa longipes Brandt, Middendorff’s

Reise . . . 2(1): 128, pi. 6, figs. 1-4, 1851.

Banner, Roy. Canad. Inst.,

Trans. 28: 21, 1950.

SPECIMENS EXAMINED: Arctic Research Lab-

oratory: No. 662, washed ashore. Point Bar-

row, Sept. 26, 1949; MacGinitie, collector.

One specimen.

No. 663, same data as above. Sept. 27,

1949. About 25 specimens, all immature.

No..^ same data as above, July 20, 1950.

Two specimens.

DISCUSSION: This species was known pre-

viously from the Point Barrow region on the

basis of only two specimens reported by

Schmitt (1919: 8b).

Thysanoessa inermis (Kr0yer)

Thysanopoda inermis Kr0yer, Gaimard’s Reise,

pi. 7, fig. 2a, 1846.

Thysanoessa inermis Roy. Canad. Inst.,

Trans. 28: 24, pi. 3, figs. 23a-b, 1950.

[Includes synonymy.]

SPECIMENS examined: Arctic Research Lab-

oratory: No..^, along shore. Point Barrow Base,

July 20, 1950; MacGinitie, collector. One
specimen.

No..^ gullet, Sabine gull, Elson Lagoon,

Point Barrow, Aug. 26, 1950; MacGinitie,

collector. Three or four specimens, frag-

mentary.

No. 489, beach at Point Barrow Base, July

24, I95O; Wiggins, collector. One specimen.

DISCUSSION: This species also was reported

from the Point Barrow region by Schmitt

(1919: 8b).

TYPE MATERIAL OF PREVIOUSLY

DESCRIBED SPECIES

In my previous study of mysids and eu-

phausids from this region, I published names

and descriptions of a number of new species

for which I did not designate any particular

specimen as the type for the species. The

type specimens have now been selected from

the series that were used in drawing up the

descriptions (lectotypes, therefore, from a co-
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typic series) and have been deposited in the

United States National Museum. The follow-

ing is the pertinent information about these

types.

MYSIDACEA

Boreomysis kincaidi BdLnntt (1948^.- 362). Inter-

national Fisheries Commission haul 2005c,

51°15'N., 130°25'W., 700, 800, 900 M.,

Mar. 19, 1941. U. S. N. M. 95627.

Euchaetomeropsis pacifica Banner (1948^?.* 386).

International Fisheries Commission haul

1911a, 51°00'N., 130°00'W., 100, 200, 300

M.
,
Dec. 31, 1940. U. S. N. M. 95628.

Caesaromysis vanclevei Banner (1948^.' 389).

Type (male): International Fisheries Com-
mission haul 22b, 58°59'N., 150°58'W.,

150, 250 M., Jan. 30, 1928. U. S. N. M.
95629.

Allotype (female): International Fisheries

Commission haul 1267c, 52°00'N., 130°-

24'W., 700, 800, 900 M., Jan. 7, 1935.

U. S. N. M. 95630.

Acanthomysis nephrophthalma Banner (1948^.’

93). Type (male): International Fisheries

Commission haul 1284c, 53°47'N., 134°-

02'W., 700, 800 M., Jan. 10, 1935. U. S.

N. M. 95631.

Allotype (female) : Same as type. U. S. N. M.
95632.

Acanthomysis davisi (1948A' 95). Type
(male): Friday Harbor, Washington, sur-

face waters near shore, Aug. 2, 19'il, col-

lected by Charles C. Davis. U. S. N. M.
95633.

Allotype (female) : Same as type. U. S. N. M.
95634.

Acanthomysis sculpta (Tattersall) var. nuda

Banner (1948A' 100). Makah Bay, Wash-
ington, shallow water near beach. Sept. 4,

1940, collected by A. H. Banner. (Note:

this is not a subspecies but the designation

of an infrasubspecific entity.) U. S. N. M.
95635.

Mysidella americana Banner (1948^.' 109). In-

ternational Fisheries Commission haul

1935b, 52°00'N., 131°14'W., 500, 600 M.

PACIFIC SCIENCE, Vol. VIII, April, 1954

(net hit bottom), Jan. 13, 1941. U. S. N. M. 1

95636.

EUPHAUSIACEA

Thysanopoda duhia Banner (1950: 9). Interna-

tional Fisheries Commission haul 1997a,

51°41'N., 131°02'W., 100, 200, 300 M.,

Feb. 17, 1941. U. S. N. M. 95637.
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Review of Mrs. Sinclair's

'Indigenous Flowers of the Hawaiian Islands”

Hawaiian Plant Studies 23^

Harold St. John^

INTRODUCTION

In 1885 THE FIRST BOOK with color pictures

of Hawaiian flowering plants was printed in

London, It contained 44 plates and showed

45 species said to be native to the Hawaiian

Islands. It was written and illustrated by Mrs.

Francis (Isabella) Sinclair, Jr. It is a large and

pretentious book, of folio size, with full-page

plates. Even today it has more color plates

of Hawaiian plants than any other book.

While the writer was studying plants re-

cently collected on the island of Niihau, this

book was carefully scrutinized, and the at-

tempt is here made to document the source

of the plants illustrated. As this was the first

book dealing solely with the flora of the

Hawaiian Islands, it did not pass unnoticed.

At least two brief reviews of it were printed.

Doubtless it was the editor of the Journal of

Botany, James Britten (1886: 27), who re-

viewed it, giving a brief account in three

sentences. Besides stating that it was a nicely

printed book and quoting from the preface

the observation that the native vegetation was

fast disappearing, he commented, ”Mrs. Sin-

^ This is the twenty-third of a series of papers de-

signed to present descriptions, revisions, and records

of Hawaiian plants. The preceding papers have been

published in Bernice P. Bishop Mus., Occas. Papers

10(4), 1933; 10(12), 1934; 11(14), 1935; 12(8), 1936;

14(8), 1938; 15(1), 1939; 15(2), 1939; 15(22), 1940;

15(28), 1940; 17(12), 1943; Calif. Acad. Sci., Proc. IV,

25(16), 1946; Torrey Bot. Club, Bui. 72: 22-30, 1945;

Lloydia 7: 265-274, 1944; Pacific Sci. 1(1): 5-20, 1947;

Brittonia 6(4); 431-449, 1949; Gray Herb., Contrib.

165: 39-42, 1947; Pacific Sci. 3(4): 296-301, 1949;

Pacific Sci. 4(4): 339-345, 1950; Bernice P. Bishop

Mus., Occas. Papers 20(6): 77-88, 1950; Pacific Sd,

6(1): 30-34, 1952; Pacific Sci. 6(3): 213-255, 1952;

and No. 22 is in press.

2 Department of Botany, University of Hawaii.

Manuscript received May 18, 1953.

dair does not profess to be a botanist, but

she is evidently an observer, as is shown not

only by her drawings, but by the simple de-

scriptions which accompany them.” A second

review appeared in Berlin. The editor of the

magazine was E. Koehne, but the reporter

for Plant Geography of Europe, the section

concerned, was J. E. Weiss (1889). In two

sentences he merely stated the nature and

coverage of the book and that it was illus-

trated, and he abstracted the statement that

the flora was becoming extinct. Since these

two reviews were merely cursory, and since

the flora of Niihau has long been imperfectly

known, it has seemed worth while to make a

critical review and evaluation of Mrs. Sin-

clair’s "Indigenous Flowers of the Hawaiian

Islands.”

The island of Niihau was sold in 1864 by

King Kamehameha V to Mrs. Francis Sin-

clair, Sr., for her two sons, J. and F. Sinclair.

It continued in the family, being transferred

to Aubrey Robinson, to the Estate-of Aubrey

Robinson, and now to his heirs.

In addition to the sheep and cattle ranch

operated on Niihau, the Sinclair family ac-

quired land at Makaweli, Kauai. Mrs. Francis

Sinclair, Jr., was the daughter-in-law of the

original settler, Mrs. Francis Sinclair (nee

Eliza McHutcheson). The daughter-in-law

lived in the big house at Kiekie, Niihau, and

at intervals at Makaweli, Kauai, from which,

during the summer, she visited the adjacent

mountains. There, about 1886, was built the

Gay and Robinson mountain house at Kaho-

luamanu, Kauai, on a cool mountain ridge

between the Waimea and Olokele valleys at

3,600 feet altitude. It is on the trail leading

through the rain forests to the .summit of

140
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Waialeale. Mrs. Sinclair is not known to have

had technical botanical training, but she had

artistic ability and a love of flowers. Over the

years she made a series of water color paint-

ings of wild flowers and, as is remarkable for

that period, saved herbarium specimens to

validate them. These specimens she sent to

the Royal Botanic Gardens, Kew, England,

and she acknowledges the scientific identifica-

tions of these, reported to her by the director.

Sir Joseph D. Hooker. Having carefully ob-

tained these scientific names and incorporated

them, she prepared the book with colored

lithograph plates and had it printed in Lon-

don. The book, in small folio size, was well

printed. It has a full title page and a dedica-

tion "To the Hawaiian Chiefs and People who
have been my most appreciative friends, and

most lenient critics, this work is affectionately

inscribed." There is a two-page introduction,

discussing the Hawaiian flora, climate, de-

structive agencies, habitats, Hawaiian verna-

cular names formerly generally known to the

Hawaiian people, and the difficulties of flower

painting in the tropics. It was signed at Ma-
kaweli, Kauai, May, 1884. There is also a

postscript, thanking Sir Joseph D. Hooker

for the identifications, signed in London,

February, 1885. From this it appears that when
in London she finished the manuscript and

oversaw the printing of the book.

The table of contents lists the 44 plates and

the common and scientific names of the 45

plants illustrated. For each plate there is a

page of text with a brief popular description

of the plant, observations on its growth or

occurrence, and uses. Often there are com-

ments on similar or related plants that grow

in New Zealand, the colony from which the

Sinclair, Gay, and Robinson families had

migrated to Hawaii.

In the introduction Mrs. Sinclair stated

clearly, "The following collection of flowers

was made upon the islands of Kauai and

Niihau, the most northern of the Hawaiian

Archipelago. It is not by any means a large

collection, considering that the flowering

plants of the islands are said by naturalists

to exceed four hundred varieties. But this

enumeration was made some years ago, and

it is probable that many plants have become
extinct since then."

The specimens corresponding to these plates

are still in the herbarium at Kew near London.

For geographic data they all bear simply the

word Hawaii. Monographers of Hawaiian

plant groups who have used the Kew Herb-

arium have commonly studied and cited these

specimens. Usually they are cited in their

publications as from Hawaii, and often the

monographer has interpreted this as meaning

the island of Hawaii, not merely the Kingdom
of Hawaii or the Hawaiian Islands as a group

or archipelago. They have overlooked the pre-

cise statement in Mrs. Sinclair’s book that all

the plants were collected and painted in her

home regions on Kauai and Niihau islands.

The extensive flora of the island of Kauai is

fairly well known, but that of the island of

Niihau has been imperfectly known and little

recorded. For these reasons it has seemed de-

sirable to try to separate the Sinclair plant

records into those from Kauai and those from

Niihau. After long search no such written

record has been found at Kew, or among the

Robinson family libraries on Niihau or Kauai,

or in their early manuscript journals.

The only other method of sorting the plant

records between Kauai and Niihau seems to

be by consideration of the known botanical

identity and geographic occurrence and by

the Hawaiian vernacular names. The follow-

ing analysis has been done by that method.

On one line are listed the plate number, the

vernacular name, and the scientific name as

they occur in "Indigenous Flowers of the

Hawaiian Islands," and the currently accepted

scientific name or redetermination. Any com-

ments on the species are on following lines.
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INTRODUCED ORNAMENTALS

14. Pilikai. Ipomoea Turpethum R. Br. ? Stictocardia campanulata (L.) House.

This is generally accepted as native to India. The determination as I. Turpethum, which is now classed as

Operculina Turpethum (L.) S. Manso, was a misdetermination of the specimen. S. campanulata has long

been growing in the Islands, and it is a much-admired, cultivated ornamental. The first record of it was

by Horace Mann, Jr., who botanized in the Islands in 1864 and 1865. He left no statement as to its >

habitat or occurrence. Dr. William Hillebrand (1888: 312), who lived and botanized in the Islands from 1850

until 1871, knew the species on most of the Islands and reported, "Probably an escape from early cultivation.”

Another view was taken by O. Degener (1932: family 307), ".
. . it seems more likely to be indigenous or

possibly of aboriginal introduction.” Nearly all of the collections have been made in ihe lowlands, and those

that state a habitat almost invariably say roadsides. It is still cultivated and also occurs in the dry lowlands,

mostly along roadsides. The writer agrees with Hillebrand that this species was introduced as an ornamental
f

in recent times by foreigners. Mrs. Sinclair reported it as "usually found on the sea-coast but is also met
!

with in the valleys a considerable distance inland. It grows most abundantly on the windward, or wet side
,

of the islands.”
j

EXOTIC ECONOMIC SPECIES IN EARLY CULTIVATION BY THE HAWAIIANS
f

1. Hau. Hibiscus tiliaceus Linn. Hibiscus tiliaceus
||

She reported it "found more or less in all parts of the islands from the sea-coast to an elevation of about

one thousand feet.” i

7. Kou. Cordia subcordata Lam. Cordia subcordata Lam. i

She said it was "strictly a lowland tree, seeming indeed to flourish best close to the sea-coast.” It was formerly

plentiful but "generally near human habitations.”
I

10. Milo. Thespesia populnea Corr. Thespesia populnea (L.) Soland. ex Corr. '

She said it was "seldom found far from the abodes of men, ...”
,

15. Uala. Ipomoea Batatas Lam. Ipomoea Batatas (L.) Poir.
1

She reported it as cultivated in the Islands and indigenous or "introduced at such a remote period, that all
i

record of the event is lost.”
j

29. Hoi. Dioscorea sativa Linn. Dioscorea bulbifera L. var. sativa Prain & Burkill.

She reported it from rocky grounds and "growing equally well on the lowlands and at an elevation of a thou-

sand feet.”

40. Noni. Morinda citrifolia Linn. Morinda citrifolia Linn.

41. Ohia-ai. Eugenia (Jambosa) malaccensis Linn. Eugenia (Jambosa) malaccensis Linn.

She said it was "mostly found in sheltered valleys near streams.”

INDIGENOUS OR ENDEMIC SPECIES KNOWN TO OCCUR ON KAUAI BUT NOT ON NIIHAU

2. Ohia-lehua. Metrosideros polymorpha Gaud. var. Metrosideros collina (Forst.) Gray

var. glaberrima (Levi.) Rock.

If the glabrous appearance of the plant illustrated is to be trusted, this is probably the var. glaberrima which

is known on Kauai. Mrs. Sinclair describes this as "a low shrub a few feet in height . . . occurring on the

high table-hand of Kauai, about four thousand feet above the sea, ...”

3. leie. Freycinetia arborea Gaud. Freycinetia arborea Gaud.

She reported it "on the lowlands in wooded districts, but is found in greatest abundance at an elevation of

from one to two thousand feet above the sea.”

4. Pioi. Smilax sandwicensis Kth. Smilax sandwicensis Kth.

She said, "An upland vine, plentiful in the forest, a thousand feet and upwards above the sea.”

5. Nukuiwi. Strongylodon lucidum Seem. Strongylodon lucidus (Forst. f.) Seem,

^She reported it "mostly in warm valleys, from a few hundred to two thousand feet above the sea.”

6. Puakauhi or awitiwiti. Canavalia ensiformis DC. ? Canavalia galeata (Gaud.) Gaud, ex Vogel,

Linnaea 10: 584, 1836.

This was a misdetermination, as C. ensiformis is an introduced crop plant, whereas C galeata is an endemic

wild species. Recently the writer (St.John, 1940: 231-233) adopted the combination C. galeata (Gaud.)

H. & A. The joint authors. Hooker and Arnott, described another species of Canavalia, gave the diagnostic
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differences between it and DoUchos galeatus of Gaudichaud, and concluded that the latter species "is also a

Canavalia.’’ The new International Code of Botanical Nomenclature, adopted at Stockholm in 1950 (Article

42), renders invalid such binomials as not having been printed in juxtaposition. Hence, the clearly stated

combination by Hooker and Arnott is now illegitimate, as nowhere, not even in the index, did they print

the generic and specific names together. The first person to print the name in juxtaposition seems to have

been Vogel in 1836.

8. Kokio-keokeo. Hibiscus Arnottianus A. Gray forma. Hibiscus waimeae Heller.

She found it "on the sides of rocky ravines, and is usually found from one thousand to two thousand feet

above the sea level.”

9. Kokio-ula. Hibiscus Arnottianus A. Gray forma. Hibiscus Kokio Hbd*

11. Hauhele. Hibiscus Youngianus Gaud. Hibiscus Youngianus Gaud

13. Koali-ai. Ipomoea palmata Forsk. Ipomoea cairica (L.) Sweet var. hederacea Hall. f.

19. Poolanui. Coreopsis cosmoides A. Gray. Bidens cosmoides (Gray) Sherff.

She said, "It generally grows under the shade of open forest in the mountain regions at various heights

above the sea, but seldom less than two thousand feet.”

20. Ukiuki. Dianella ensifolia Red. Dianella sandwicensis H. & A.

This was a misidentification. "The uki grows on the high lands, the cool air of the mountains seeming a

necessity of its existence.”

25. Kauila. Alphitonia excelsa Reiss. Alphitonia ponderosa Hbd.

This was a misidentification with A. excelsa of Australia. She said, "It is mostly found on the lee-sides of

the islands, from two thousand to three thousand feet above the sea.”

27. Kolokolo-kuahiwi. Lysimachia Hillebrandi Hook. fil. Lysimachia daphnoides (Gray) Hbd-

Hillebrand himself made this determination and so cited the Sinclair plate. She said, "This plant is only

found on the high lands of the interior, from three to five thousand feet above the level of the sea.”

33. Ohenaupaka. Scaevola glabra H. & A. Scaevola kauaiensis (Degener) St.John.

This was a mis determination. She said, "This is a native of the far misty mountains, from four to five thousand

feet above the level of the sea, where for more than half the year it is wet with the mountian rains, and

enveloped in the trade-wind clouds.”

34. Iliahi. Santalum ellipticum Gaud. Santalum pyrularium Gray.

This was a misdetermination.

35. Nohuanu. Geranium cuneatum Hook. var. Geranium humile Hbd. var. kauaiense Rock.

This was a misdetermination. It was "found on the high, bleak swamp-land of the interior, at an elevation

of about four thousand feet above the sea.”

36. Puahanui. Broussaisia pellucida Gaud. Now written Broussaisia pellucida Gaud, forma pellucida.

It was "found only upon the wooded mountains from three thousand to four thousand feet above the sea,

where it grows under the shade of the dense forest, and where the vegetation is almost constantly kept

damp by rain or mist.”

37. Akaakaawa. Hillebrandia sandwicensis Oliv. Hillebrandia sandwicensis Oliv.

"It is found in the greatest profusion in shady and humid mountain ravines, near the misty spray of water-

falls, . .
.”

43. Akala. Rubus hawaiensis Gray ? Rubus hawaiiensis Gray.

She reported it "is generally found growing near streams, or on damp ground, far in the cool mountains.

It is rarely seen at a less elevation than three thousand feet.”

44. Papala. Charpentiera ovata Gaud. var. ? Charpentiera ovata Gaud.

She reported it "grows only upon the highlands from two to three thousand feet above the sea.”

INDIGENOUS OR ENDEMIC SPECIES KNOWN ON BOTH KAUAI AND NIIHAU

12. Koali-awahia. Ipomoea (Pharbitis) insularis Choisy. Accepted name now Ipomoea congesta R. Br.

She reported this a most common plant, "not found in the forest but almost everywhere else, from the sea-

coast to about two thousand feet elevation.”
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16. Pohuehue. Ipomoea pescaprae Sw. Now written Ipomoea pes-caprae (L.) Sweet.

She reported it "rarely found far from the sea, and generally growing most luxuriantly on the bare sand-hills,

immediately above high water mark, where the breakers actually reach its long runners. These runners are

often one hundred yards in length, and one root will sometimes cover an acre of ground.”

17. Puakala. Argemone mexlcana Linn. var. Now classed as Argemone alba Lestib. var. glauca Prain.

She reported that it "grows indiscriminately on rich or poor soil, from the sea-coast to a height of about one
thousand feet . . . and is one of the few native plants which do not seem to decrease, growing apparently

as strongly and profusely now as it did a century ago.”

18. Wiliwili. Erythrina monosperma Gaud. ? Erythrina sandwicensis Degener

She reported it as "found in the driest districts, not only sustaining life, but growing luxuriantly where few
other frees could exist.”

21. Nehe. Lipochaeta australis A. Gray var. Lipochaeta connata (Gaud.) DC.

This seems to have been confused. Sherff (1935: 28, 32) identifies the Sinclair color plate as showing L.

connata (Gaud.) DC. of the uplands of Kauai, and the present writer agrees that the plate is a good represen-

tation of that species from Kauai. The validating specimen at Kew, collected by Mrs. Sinclair and labeled

Hawaii, has, on the contrary, been made the type of L. profusa Sherff (1933: 95-96). Sherff wrote, "The type

label gives 'Hawaii’, where it is assumed that the island by that name, rather than the whole archipelago,

later known as Territory of Hawaii, was meant.” The same wording reappears in the later monograph by

Sherff (1935: 32). The species L. connata is known from Kauai, Maui, and Kahoolawe islands. The Sinclair

painting was doubtless made of a specimen obtained on Kauai. Mrs. Sinclair sent to the Kew Herbarium in

January, 1885, 49 plants, 6 of which were not illustrated or mentioned in her subsequent book. The remain-

ing specimens tally almost exactly with those later included in her illustrated book. Those, she stated, were

all from Kauai or Niihau. There is no known evidence that she collected plants on other islands of the Ha-

waiian group. Since Lipochaeta profusa Sherff is known only from the type specimen collected in "Hawaii”

by Mrs. Sinclair, it seems clear that it must have come either from Kauai or Niihau, but more probably

from Niihau.

22. Ohai. Sesbania (Agati) tomentosa A. Gray. Now written Sesbania tomeotosa A. Gray var. tomentosa.

She reported, "It is a native of the lowlands on the leeward sides of the islands, where it flourishes best upon
ground that is partially flooded by the heavy rains of winter.” This description applies well to lowlands

on Niihau.

23. Mao. Gossypium tomentosum Nutt. Gossypium tomentosum Nutt.

She reported that it was "only found on the lowlands.”

24. Aeae. Lycium sandwicense A. Gray. Lycium sandwicense A. Gray.

She reported that it "is found upon low-lying damp ground on the margin of salt lagoons.”

26. Kolokolo. Vitex trifolia Linn. var. unifoliata. Current name Vitex trifolia Linn. var. simplicifolia Cham.

She reported it as a helpful sandbinder, "sometimes found growing upon soil, but pure sand is its favourite

locality.”

28. Nanea. Vigna lutea A. Gray. Now known as Vigna marina (Burm.) Merr.

She reported it now rare, but "once plentiful on the lowlands.”

28 (lower part). Hunakai. Ipomoea (Batatas) acetosaefolia Choisy, Now Ipomoea stolooifera (Cyrill) Gmel.

From the complications of nomenclature, it is dear that the correct name of this species is now 1. stolonifera

(Cyrill) Gmel. She reported it growing "on the actual margin of the ocean, . .

30. Nohu. Tribulus cistoides Linn. Tribulus cistoides Linn.

She reported that it "usually grows near the sea; and although it may occasionally be found a few miles

inland, yet it is only upon the sea coast that it attains full beauty of form and colour.”

31. Kakalaioa. Caesalpinla Bonducella Flem. Now classed as Caesalpinia Bonduc (L.) Roxb.

This plant with spiny pods with two to four gray seeds is now classed as C Bonduc (L.) Roxb. She reported

that "it generally grows in rocky places on the lowlands, ...”

32:? Naupaka. Scaevola Koenigii Vahl. var. Now classed as Scaevola fmtescens (Mill.) Krause

var. sericea (Forst. f.) Merr.

This Hawaiian plant is now classified as 5. frutescens (Mill.) Krause var, sericea (Forst. f.) Merr,, though

from the plate or the description one could not determine it to the variety. She reported, "It is always found

close to the sea, often within reach of the waves,”

38. Hialoa, Waltheria americana Linn. Waltheria americana Linn.

She reported, "The hialoa grows everywhere on the lowlands: . .
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39. Aalii. Dodonaea viscosa Linn. Dodonaea s.p

From the plate and the description, it is not possible to determine the plant to the species. However, it

may well represent D. eriocarpa Sm. var. obtusior Sherff, which occurs on both Kauai and Niihau. She reported

that it "is mostly found in the dry districts of the islands, . .

42, Puapilo. Capparis sandwichiana DC. Capparis sandwichiana DC.

She reported that it "is found on the lowlands upon broken rocky ground . . . and ... on perpendicular

cliffs, . .

."

DISCUSSION

Eliminating the one introduced ornamental

and the seven species of aboriginal introduc-

tion and cultivation, there remain 37 indig-

enous Hawaiian plants described and illus-

trated in color in Mrs. Sinclair’s book. Of
these 37 there are 23 species unknown to

Niihau but certainly natives of Kauai. The

remaining 15 species occur as natives on both

Kauai and Niihau. These 15 are all abundant

in the lowlands and occur near the old Sin-

clair homestead at Kiekie on Niihau. Though

they could have been obtained on Kauai, it

seems probable that all or most of these 15

were gathered, painted, and studied by Mrs.

Sinclair during her long residence at the re-

mote family home on Niihau.

In 1950 the writer searched at Kew for

records of the Sinclair collection from the

Hawaiian Islands. A record was found that

the specimens were received in January, 1885.

In the file of collector’s lists, there were rec-

ords of the Sinclair plants. There was a reprint

of the published table of contents from the

book, with the numbers and vernacular names

as printed but lacking the scientific names.

There was also a handwritten list of determi-

nations of 49 plants which omitted the verna-

cular names of 12 that were included in the

book. This list included six additional plants

not in the published book, as follows:

Pittosporum confertiflorum A. Gray. Haolau-

nui. This specimen was studied by Sherff and

cited in his monograph as var. Mannii Sherff

(1942: 557) and as coming from the locality

Kaolaunui on the island of Hawaii. There is

no such named and recorded locality on Ha-

waii or Kauai. Because of its placement at the

end of the line, just as the vernacular name

"'alahei” is at the end of the Plectronia odorata

line, this word, "haolaunui,” should be a

Hawaiian vernacular plant name. None such

has been recorded as yet, but the tree Rativolfia

sandwicensis is called "hao,” "lau” means leaf,

and "nui” means large; therefore, this would

be the "large-leaved hao.” Because of the

known source of her plant specimens, Mrs,

Sinclair doubtless collected this one too on

Kauai or Niihau, probably on Kauai.

Pittosporum glahrum H. & A. Haolaunui.

This specimen was determined and cited by

Sherff (1942: 484) as P. acuminatum Mann
or, as it now would be called, P. acuminatum

Mann var. acuminatum. This variety was

known only from Kauai, and Sherff cites the

specimen as "Haolanlii (Kauai?— I cannot

find this locality on maps; ...” Again, this

is obviously a Hawaiian vernacular name

—

the "hao with large leaves.” In this case he

was doubtless correct in attributing the spec-

imen to Kauai.

Sida fallax^2Xp. Hawaii [Islands].

Rutacea? (Leafy fragment). Puajulo. This

vernacular name is unknown today. The frag-

ment is not known to have been identified.

Sesbania grandiflora Poir. var.? Hawaii [Is-

lands]. This ornamental is widely cultivated

in the Islands.

Plectronia odoratum H, & A. Alahei. This is

now classed as Canthium odoratum (Forst.)

Seem., and its well-known Hawaiian verna-

cular names are now written "walahee” and

"alahee.”

It is obvious that Mrs. Sinclair had no good

paintings of these five species. Hence, they

were not included in her book. They are dis-

cussed here in order to establish their origin

from the island of Kauai or Niihau, not from
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the island of Hawaii. The two species of

Pittosporum and the Rutaceae were certainly

from Kauai; the Canthium probably was too;

the cultivated Sesbania and the native Sida

may have been on either Kauai or Niihau.

It probably should be pointed out that Niihau,

though with a mountainous upland, is rather

low, the highest point being 1,281 feet in

altitude. Besides being too low to get a heavy

rainfall, the island is situated exactly in the

lee of the large island, Kauai, and thus has

little chance of rain during the prevailing

trade-wind weather. Though this upland was

once forested, the indications are that the

trees were small and of the dry, lower forest

type. Kauai is a higher island with the broad

summit of Waialeale attaining 5,080 feet al-

titude. Its rainfall there is 451 inches annually,

probably the maximum of precipitation that

can be taken from these clouds. In conse-

quence, as these same clouds drift over Niihau,

only 40 miles to the leeward, there is little or

no rain ready to fall on a small ridge only

1,281 feet high. These geographic and me-

teorologic facts are the basis for the present

interpretation that all of the Sinclair plants

which are of the rain-forest type must cer-

tainly have come from Kauai.

The vernacular names of Hawaiian plants

as recorded by Mrs. Sinclair are of some in-

terest. She could have learned them locally

or she could have compiled them. For light

on the latter possibility, the writer has checked

those books or accounts by explorers or bot-

anists published previous to her book. The

following published no Hawaiian vernacular

names: Cook; Chamisso; Lay and Collie;

Meyen; Nuttall; Brackenridge, Pickering,

Peale, Rich, and their commander Wilkes;

Wawra; and Mann and Brigham. There were

other collectors during this period from 1788

to 1885, but the following published nothing

during this century: Menzies; Bloxam; Doug-

las; Macrae; Didrichsen; Remy; and Hille-

brand; though some of them published later

or their works were later issued posthum-

ously. The following recorded no native

names, even on their specimens: Menzies;

Chamisso; Lay and Collie; Nuttall; Macrae;

and Wawra. Almost without exception the

writer has searched the records for vernacular

names, either in the published works of these

early collectors or on the original specimens.

Mrs. Sinclair’s record of Hawaiian vernacular

names is sufficiently different in wording or

in spelling, so that it is perfectly clear that

she obtained these common names from the

Hawaiian native people in her vicinity on

Kauai or Niihau islands.
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Part L Dadni (Tephritidae-Diptera)^

D. Elmo Hardy and Marian S. AdachE

This paper deals with the fruit flies of the

tribe Dadni occurring in the Philippine Is-

lands, Indonesia, and Malaya. It is based

largely upon the material which was collected

in these areas as part of the biological control

ofthe Oriental fruit fly {Dacus dorsalis Hendel)

project in Hawaii. This has been a co-opera-

tive project conducted by various agencies in

the Territory of Hawaii, the University of

California, and the United States Department

of Agriculture, Bureau of Entomology and

Plant Quarantine. The taxonomic studies have

dealt with the fruit fly species which have

been encountered by the field men while

searching for parasites which might be effec-

tive against the species which occur in Hawaii.

The material from three major areas of the

Pacific and southeast Asia has been treated

in this one paper, as the fruit fly faunas of

these regions show such dose affinities. By

this combination a much more complete pic-

ture can be given of the evident migratory

routes, speciation, and patterns of variation.

In this respect the study has been especially

valuable in gaining a better understanding of

the Dacus {Strumeta) dorsalis complex of spe-

cies. To make this paper more complete and

usable, keys and descriptive information are

given to the known genera and subgenera

and to all the (recognizable) species known
to occur in the Philippines, Indonesia, and

Malaya.

The collections, consisting of many thou-

sands of specimens, were made almost en-

^ Published with the appro¥al of the Director of the

Hawaii Agricultural Experiment Station as Technical

Paper No. 297. Manuscript received May 6, 1953.
^ Entomologist and Research Assistant, respectively,

Hawaii Agricultural Experiment Station, University of

Hawaii, College of Agriculture, Honolulu, Hawaii.

tirely by N. L. H. Krauss and Q. C. Chock,

the Territory of Hawaii Board of Agriculture

and Forestry, and F. E. Skinner and G. An-

galet, U. S. Department of Agriculture. We
are greatly indebted to these men for the

thorough sampling they made of the Dacini

occurring in the areas where the exploratory

work was being conducted. The phenomenal

success which has been achieved in the bio-

logical control of the Oriental fruit fly in

Hawaii is a direct result of the work done in

Malaya by N. L. H. Krauss. During the pe-

riod from April, 1948, to May, 1949, he sent

in several hundreds of thousands of puparia

(predominantly Dacus dorsalis) to the Board

of Agriculture and Forestry, and from this

material the three species of Opius parasites

(0. oophilus Fullaway, 0. vandenboschi Fulla-

way, and 0. longicaudatus (Ashmead) —para-

sites of eggs, young larvae, and mature larvae,

respectively; this is also the order of their

importance as parasites of Dacus dorsalis) were

recovered which have effected such a marked

reduction in the populations of D. dorsalis

throughout the Hawaiian Islands.

The generic and subgeneric concepts and

the terminology are the same as those used

by Hardy (1951). We do not approve of the

splitting of Dacus s.l. into genera based only

upon single chaetotaxic and secondary sexual

characters; we consider these units as sub-

genera.

Some of the Walker types of Dacus in the

British Museum (Natural History) collection

were studied by Dr. K. L. Knight (Malaria

and Mosquito Control Unit No. 1, U. S.

Naval Air Station, Jacksonville, Florida) in

September, 1946, and his notes (in the U. S.

National Museum) were made available to us
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by Dr. Alan Stone. The information which

he supplied has helped us place some of

Walker’s inadequately described species and

has been a great help to this study. We are

very appreciative of this assistance and also

of the wholehearted co-operation given us by

Dr. Stone and Dr. R. H. Foote of the U. S.

Department of Agriculture, Division of In-

sect Detection and Identification.

KEY TO THE GENERA AND SUBGENERA

OF DACINI

1. Mesonotum with transverse depression or

furrow connecting lateral sutures. Basal

section of vein Mif2 deeply incurved into

cell 1st M2 (Fig. 30<3^). Fourth section of

costa (cell R2 )
not over 0.5 as long as third

section (cell Sc), and vein Cui+lst A
abbreviated. Sides and hind margins of

each humerus sloping gradually into re-

mainder of mesonotum so there is no

distinct demarcation of the callus. Front

femora with two to four spines beneath

(fig. 30^) Monacrostichus Be22i

Not as above (the front femora of a few

species of Callantra may be spined) ... 2

2. Abdominal terga conspicuously wider than

long, segments one to four at least twice

as wide as long 3

Abdominal terga as long as wide

Callantra? (Polistomimetes) Enderlein

3. Antennae very elongate; second and third

segments combined about equal to vertical

length of head, and length of entire an-

tenna greater than combined length of

front and face. First antennal segment

equal in length to second and at least 0.5

as long as face (Fig. Ic). Abdomen strong-

ly clavate and petiolate (Fig. 2c), with a

prominent hump on each side of first seg-

ment; first segment parallel sided or nar-

rower at its apex than at its base. Abdomen
strongly arched from a lateral view, and

suture between segments three and four

markedly concave. Ovipositor tubular in

shape Callantra Walker

PACIFIC SCIENCE, Vol. VIII, April, 1954

Antennae comparatively short, first seg-

ment usually not over 0.5 as long as sec-

ond and less than 0.25 as long as face;

entire antenna usually about equal to or

shorter than front. Abdomen not strongly

petiolate, first segment tapered from base

to apex, usually about twice as wide at

apex as at base; with no well-developed

tubercles and not noticeably arched in side

view. Suture between segments three and

four straight or nearly so. Ovipositor usu-

ally flattened dorsoventrally .

Dacus Fabricius j. /. 3a

3a. Scutellum with one pair of bristles
. 3b

Scutellum with two pairs of bristles

.

.3e

3b. Prescutellar bristles absent 3c

Prescutellars present . . . 3g

3c. Anterior supraalar bristles present. 3d

Anterior supraalars absent

Dacus (Daculus) Speiser

3d. Third abdominal tergum of male with

a row of cilia on each side
;

Dacus (Neodacus) Perkins

Third tergum without rows of cilia . .

Dacus (Nesodacus) Perkins
|

3e. Prescutellar bristles present. 3f
j

Prescutellar bristles absent
j

...... .Dacus (Paradacus) Perkins
,

3f. Third abdominal tergum of male cili- :

ated and a supernumerary lobe present i

in male wing

.Dacus (Zeugodacus) Hendel
|;

Third tergum without rows of cilia !

and no supernumerary lobe in male

wing. Dacus (Paratridacus) Shiraki

3g. Third abdominal tergum of male cili-

ated Dacus (Strumeta) Walker

Third tergum not ciliated

Dacus (Gymnodacus) Munro
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Callantra Walker

Callantra Walker, I860, Linn. Soc. London,

Proc. 4: 154.

Melksis Bezzi, 1916, BuL Ent, Res. 7: 114.

Hendel, 1914, Wien Ent. Zeit. 33: 74.

On the basis of the material which has

been studied to date this appears to be a

distinct genus. It can be distinguished from

Dacus s. 1. by the following characters. The

antennae are much more elongate, the second

and third segments combined are about equal

to the vertical length of the head (Fig. 2b)
;
in

Dacus the two segments combined are about

0.5 or 0.6 as long as the head. In Callantra the

first antennal segment is elongate and equal

to the second and nearly equals the visible

portion ofthe palpi
;
in Dacusthe first segment is

much shorter than the second and is scarcely

over 0.25 as long as the visible palpi. In

Callantra the abdomen is strongly clavate and

petiolate, and a prominent hump is present

on each side of the petiole (base of first seg-

ment). The flies are markedly wasp-like in

appearance. The abdomen is strongly arched

from a lateral view and is hollowed out be-

neath. The ovipositor is cylindrical instead of

flattened dorsoventrally, as is usual in Dacus.

Callantra also has no prescutellar bristles and

no supernumerary lobe in the wing of the

male.

Malloch (1939^.' 410) considers this a sub-

genus of Dacus, and it is entirely possible

that, when the group has been studied in

detail throughout its geographic range, most

of the above characters will intergrade with

Dacus.

genotype: Callantra smieroides Walker.

Nine species of Callantra are known from

the regions covered in this study. Just two,

however (C. smieroides Walker and C. longi-

cornu (Wiedemann)), were represented in the

collections studied, and as the original de-

scriptions of some of the species do not give

enough information it has not been possible

to devise a satisfactory key to the species at

this time.

The following have also been recorded

from these regions:

C. axana Hering, 1938, Deut. Ent. Ztschr.,

410, pi. II, fig. 4. Type locality: Key Island.

C bioculata (Bezzi), 1919, Philippine Jour.

Sci. 15(5): 437-438, pl.II, fig. 4. Type locality:

Luzon, Philippine Islands.

C. conopsoides (de Meijere), 1911, Tijdschr.

V. Ent. 54: 378-380. Type locality: Java.

Misspelled '^Conopoides' by Bezzi, 1919, Phil-

ippine Jour. Sci. 15(5): 438, 440.

C nummularia (Bezzi), 1919, Philippine

Jour. Sci. 15(5): 441-442, pi. II, fig. 6. Type

locality: Luzon, Philippine Islands.

C. pedunculata (Bezzi), 1919, Philippine

Jour. Sci. 15(5): 439-440, pL II, fig. 5. Type

locality: Luzon, Philippine Islands.

C splendida Perkins, 1938, Roy. Soc.

Queensland, Proc. 49: 136-137. Type locality:

Java.

C subsessilis (Bezzi), 1919, Roy. Soc.

Queensland, Proc. 49: 435-436, pi. II, fig.

3. Type locality: Panay, Philippine Islands.

Callantra longicornis (Wiedemann)

Fig. 1

Dacus longicornis Wiedemann, 1830, Auss

Zweifl. Ins. 2: 524.

Bactrocera vespoides Doleschall, 1859, Na-

tuurk. Tijdschr, Nederland. Indie 17: 123.

This species fits in a distinct group of

Callantra distinguished by the presence of a

pair of strong spines on the underside of the

front femora near their apices (Fig. id). We
know of only one other named species (C.

conopsoides (de Meijere)) which possesses this

character. We do, however, have on hand an

apparently unnamed species from India which

has these spines. C. longicornis is closely re-

lated to C. conopsoides (de Meijere), but it

differs from de Meijere’s description as fol-

lows: The legs are almost entirely yellow to

rufous, not with the femora and tibiae chiefly

blackish brown; the face has a moderately

small brown to black spot in each antennal

furrow, not with black markings on the oral
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0.6mm

Fig. 1. Callantra longicornis (Wiedemann), a, Apex of piercer; b, wing; c, lateral view of head; d, front femur;

e, extended ovipositor.

margin; the thorax is chiefly rufous, not dark

reddish brown to blackish brown; the abdo-

men is without distinct black crossbands, ex-

cept for a narrow band across the base of the

fifth tergum; also, the wings are apparently

much more intensely fumose in longicornis.

The female has not been adequately de-

scribed. The color is predominantly rufous

and the body rather thickly covered with fine

yellow pile, except for the gray pile on the

pleura. Head: Front scarcely longer than wide,

with no dark markings except for a moderately

large velvety black spot on each side of the

lower margin (to the sides of the lunule). No
inferior fronto-orbital bristles and only one

small pair of superior fronto-orbitals are pres-

ent. The frontal calli are clearly defined and

extend about 0.5 the length of the front. The
face has a brown spot in each antennal furrow.

The antennae are yellow to brownish red, and

the proportions are typical of the genus. The I

occiput is entirely yellow. Thorax: The yellow
|

transverse stripe over each mesopleuron is
|

narrow, scarcely as wide as the notopleural
j

callus. The yellow on the mesopleura con-
j

tinues onto the sternopleura for a short dis-
I

tance; it also continues over the notopleura |i

and along the lateral sutures, extending 0.33
[

of the way across the mesonotum on each side ‘

and interrupted by red coloration in the me- i|

dian portion. No postsutural yellow vittae
j

are present on the mesonotum. The scutellum I

is yellow with a brownish-red band across its ii

base. One pair of scutellar bristles and three !

pairs of supraalars are present. Prescutellars
I

are lacking. Legs: Entirely pale except for a
!

brown tinge on the undersurface of the hind

femora. Two strong black spines are present !

on the underside of each front femur (Fig. \d)

.

Wings: Entirely pale yellow to brown fumose.
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The first two costal cells are yellow brown

and are densely covered with microtrichia.

The brown costal band is very broad through-

out its length
;
it extends through most ofcell R5

(Fig. lb). No brown fumosity is present in

the cubital area. The narrowed portion of the

cubital cell is about 1.66 as long as that por-

tion from the apex of the cell to the wing

margin. Abdomen: Strongly petiolate and typ-

ical of the genus as we have defined it above.

Chiefly reddish, slightly tinged with brown,

marked with black only at the base of the

fifth tergum and with a brown to black vitta

extending longitudinally over the median por-

tion of this segment. The apex of the second

tergum has a moderately broad band of gray

pubescence. The abdomen is strongly convex

above and hollowed out below; the basal seg-

ment of the ovipositor is almost completely

hidden within this hollow. Ovipositor: Very

short, when fully extended (Fig. le) it meas-

ures approximately 3.67 mm. The basal seg-

ment measures about 1.15 mm. long by 1.0

mm. wide at its widest point. The spiracles

are situated 0.25 mm. from the anterior lateral

margins of the segment. The inversion mem-
brane is 1.35 mm. long by 0.23 mm. wide

at its widest point. The rasper extends to

within 0.52 mm. of the base of the segment.

The piercer is very strangely developed, dif-

fering from any that we have studied in that

the apical portion is flattened laterally. The
apex is serrated, and no preapical setae are

visible (Fig. Id). The piercer measures about

1.17 mm. long by 0.13 mm. wide at its widest

point.

Length: Body, 8.0-10.0 mm.; wings, 7.0-

7.5 mm.

TYPE LOCALITY: Java. The type of vespoides

was from Amboina.

Type in the Universitetets Zoologiske Mu-
seum, Kopenhagen.

The female described here is labeled "Am-
bon 2.08”; this is a different spelling for Am-
boina, and the specimen was probably

collected by F. Muir.

Callantra smieroides Walker

Fig. 2

Callantra smieroides Walker, I860, Linn. Soc.

London, Proc. 4: 154.

Callantra smieroides Bezzi, 1916, Bui. Ent. Res.

7: 120.

This species has been adequately described

by Malloch (1939^.* 411), except for a few

details, but has not been figured. It is ap-

parently most closely related to Callantra so-

lomonensis (Malloch) (1939^.' 236) but is

distinguished by its predominantly black ab-

domen and antennae and dark-colored legs;

it also lacks the prominent hump on the fifth

abdominal segment (Fig. 2c) which is char-

acteristic of solomonensis (see Malloch loc. cit.,

238, fig. 2). His figure is ofa female specimen,

and the hump is even more pronounced in

the male specimen which we have on hand.

Malloch apparently had but one female

specimen before him, and a few details can

be clarified. He described the thorax as chiefly

brownish black; in the large series at hand

the mesonotum and scutellum are reddish,

tinged with brown, blackened just before the

scutellum and behind the humeri. The pleura

are dark reddish brown to black except for

the yellow hypopleura and the vertical stripe

on the mesopleura. The metanotum is black

except for the brownish-red median portion.

The hind femora and tibiae are dark brown-

ish, the others are rufous tinged with brown.

The wings are as shown in Figure la. Ab-

domen: The first tergum is brown to black

with a narrow yellow band at the apex, the

extreme lateral margins of the first segment

are yellow. The second tergum is reddish

tinged with black, slightly yellowish along

the apical margin; this apical portion is cov-

ered with fine gray pubescence. The remainder

of the terga are black, except for the yellow

apex of the fifth and a large yellow spot in

the middle of the hind margin of the fourth

tergum. The sterna each have a row of rather

long black hairs along their apical margins.

Ovipositor: The visible portion, beyond the
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Fig. 2. Callantra smierotdes Walker, a. Wing; b, lateral view of head; c, lateral view of abdomen; d, extended

ovipositor; e, apex of piercer.

apex of the abdomen, is shorter than the

length of the fifth segment. The basal seg-

ment of the ovipositor is largely concealed in

the concave underportion of the abdomen.

The extended ovipositor is 7.8 mm. long

(Fig. 2d). The base is about 2.0 mm. long;

the rasper segment is about 3.2 mm. long

and the piercer is 2.6 mm. The rasper occupies

the median portion of the eighth segment;

it is 0.56 mm. long and is situated about 1.32

mm. from the base of the segment and about

1.32 mm. from the apex. The scales of the

rasper are sharply pointed. The piercer is

straight sided to the apex of the oviduct, and

beyond this it tapers to a sharp point. The

opening of the oviduct is situated about 0.56

mm. from the tip of the piercer. At its broad-

est point the piercer is about 0.19 mm. in

width. The preapical setae are very tiny and

are not visible except under high magnifica-

tion (Fig. 2e).

Length: Body, 9-0-10.0 mm.; wings, 8.0-

9.0 mm.
TYPE locality: Makassar.

Type in the British Museum.

Several hundred specimens have been stud-

ied from Tamparuli, Borneo, Jan. to June,

1951, ex Ltiffa acutangula and cucumber (F.

E. Skinner and G. Angalet).

Optus angaleti Fullaway may be a parasite

of this species; it has been reared from fruits

infested with both this species and Dacus

iZeugodacus) hageni de Meijere.

Callantra? (Polistomimetes)

Enderlein, n. comb.

Polistomimetes Enderlein, 1920, Zool. Jahrb.

Syst. 43: 358.
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The exact position of these wasp-like flies

is unknown, but the group may possibly be

a subgenus of Callantra. Enderlein’s brief de-

scription states that the abdominal segments

are as long as wide, the abdomen is slightly

less attenuated (stalked) than in Callantra and

not swollen, globose ("Kugelig angeschwol-

len”). The first antennal segment is as long

as wide and the second is about 2.5 times

as long as wide, otherwise as in Callantra.

This brief definition does not fit Polistoml-

metes satisfactorily within our concept of Cal-

lantra. This may possibly be a Dacus related

to the subgenus Neodacus Perkins. Hering

(1941: 2 )
included it under Callantra in his

key.

genotype: Polistomimetes minax Enderlein.

KEY TO ALL KNOWN SPECIES OF

Callantra.^ (Polistomimetes)

1 . Head and thorax clear yellow, face un-

marked. Costal band yellow except for a

dark-brown spot at apex of vein R3 . Cell R3

not narrowed in apical portion. Third ter-

gum of abdomen with a poorly developed,

faint, median longitudinal vitta. Basal half

of ovipositor strongly swollen (ellipsoid).

(India) minax (Enderlein)

Front margin of face black. Costal band

brown in apical half of costal cell (cell R 2 )

and through apex of wing; band expanded

at apex, extending to upper portion of m
crossvein, through apical third of cell M2 .

Cell R3 strongly narrowed in apical third.

Terga three to five with a broad black

median vitta. Ovipositor base not swollen,

straight sided. (Sumatra)

infestus (Enderlein)

Callantra? (Polistomimetes) infestus

(Enderlein)

Polistomimetes infestus Enderlein, 1920
,
Zool.

Jahrb. Syst. 43: 359.

This is distinguished from the only other

known species in this group by the characters

given in the key.

Length: Body, 9-0 mm.; wings, 8.0 mm.
TYPE locality: Deli, Sumatra.

Type possibly in the Museum f. Natur-

kunde, Stettin.

We have not seen this species.

Dacus (Daculus) Speiser

Daculus Speiser, 1924, Beitr. Tierk. Konigs-

berg, 140.

This subgenus differs from D. {Strumeta)

by lacking prescutellar and anterior supraalar

bristles. It has not been recorded from the

area covered in this report, but on the evidence

we now have it appears that Dacus discipennis

Walker (from Moluccas) probably belongs

here.

genotype: Dacus oleae (Gmelin).

Dacus (Daculus) discipennis

Walker, n. comb.

Dacus discipennis Walker, 1861, Linn. Soc.

London, Proc. 5: 294.

This species appears to be very close to

D. (Daculus) murra^i (Perkins) from Australia;

both have broad costal bands and cubital

streaks in the wings, the band fills all of cell

R3. The only difference which we can find,

from the original description of discipennis, is

that the mesonotum is all black except for

the two postsutural yellow vittae. In murrayi

the mesonotum is chiefly rufous with a faint

tinge of brown in the ground color; it is

obviously a much paler species.

Dr. K. L. Knight examined a specimen of

discipennis in the British Museum and supplied

enough details for us to place it under Daculus.

He confirmed that the prescutellar and an-

terior supraalar bristles are lacking and that

the third abdominal segment of the male has

cilia on the sides.

TYPE locality: Batchian, Moluccas.

Dr. Knight said the type (female) was not

in the British Museum ("at least not labeled

so”). One male specimen "labeled discipennis
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in what is probably Walker's handwriting,

data: Moluccas, Buchan. C. W. Saunders, B.

M. 1868-4.”

We have not seen this species.

Dacus (Gymnodacus) Munro

Dacus {Gymnodacus) Munro, 1938, Roy. Soc.

London, Proc., ser. B, Tax. 7(5): 117.

This subgenus is distinguished from D.

{Strumeta) only by the lack of rows of cilia

on each side of the third abdominal tergum

of the male.

genotype: Dacus mesomelas Bezzi.

Dacus (Gymnodacus) calophylli

(Perkins and May)

Astadacus calophylli Perkins and May, 1949,

Queensland Univ., Dept. Biol. 2(14): 16-

18, fig. 8.

Dacus {Gymnodacus) calophylli (Perkins and

May) Hardy, 1951, Pacific Sci. 5(2): 130,

figs. 6a-b.

This species has been adequately described

and figured in the above references. This is

the first time it has ever been recorded outside

the type area.

TYPE locality: Cairns, Queensland.

Type at the University of Queensland.

Sixteen specimens are on hand from Singa-

pore, Malaya, May, 1949, ex Calophyllum

inophyllum (N. L. H. Krauss).

Dacus (Neodacus) Perkins

Neodacus Perkins, 1937, Roy. Soc. Queens-

land, Proc. 48(9): 58,

Asiadacus Perkins, 1937, Roy. Soc. Queens-

land, Proc. 48(9): 57.

Dacus {Neodacus) Perkins, Hardy, in press,

Wash. Ent. Soc., Proc.

The subgenus Neodacus differs from Dacus

{Strumeta) only by lacking prescutellar bristles.

GENOTYPE: Dacus {Neodacus) newmani

(Perkins).
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Dacus (Neodacus) bakeri (Bezzi)

ChaetodacusbakeriB^iA, 1919, Philippinejour.

Sd. 15(5): 426-428.

Dacus {Neodacus) hakeri (Bezzi) Hardy, in

press, Wash. Ent. Soc., Proc.

This species has been adequately described

in the references cited above. It is differentiated

from other Dacus {Neodacus) which have the

costal band expanded into a large apical spot

by having the mesonotum extensively marked

with black and with just two postsutural yel-

low vittae.

TYPE locality: Davao, Mindanao, host

unknown.

Type in the U. S. National Museum.

We have not seen this species.

Dacus (Nesodacus) Perkins, n. comb.

Nesodacus Perkins, 1937, Roy. Soc. Queens-

land, Proc. 48(9): 57.

This subgenus is most closely related to

Dacus {Neodacus), differing only in the absence

of a row of cilia on the sides of the third

abdominal tergum of the male. It also is close

to Dacus {Dacus), differing only in having a

supernumerary lobe in the wing of the male.

It is differentiated from Dacus {Strumeta) by

the absence of prescutellar bristles and by the

absence of cilia on the third tergum of the

male. This genus was not represented in the

specimens which were studied, but a key to

the species is included to make this paper

more complete. The species longicaudatus

(Perkins) is known only from the type female,

and there is some question as to whether it

belongs in Dacus {Nesodacus) or Dacus {Neo-

dacus) .

genotype: Chaetodacus atrichus Bezzi,

KEY TO ALL THE KNOWN SPECIES OF

Dacus (Nesodacus)

1. Costal band not expanded at wing apex.

(Philippine Islands) ................. 2

Costal band enlarged apically, forming a
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large spot in apex of wing. (Malaya) ....

longicaudatus (Perkins)

2. Abdomen entirely black

ablepharus (Bezzi) 3a

Abdomen reddish, with black crossbands

atrichus (Bezzi) 2a

2a. Front black spotted. Face of male en-

tirely black, that of female with two

lateral spots and a median black spot

just below antennae; smaller species,

body 4. 5-5.0 mm
atrichus atrichus (Bezzi)

Front without spots. Face of female

with just two black spots [male un-

known]. Larger species, body 6.0 mm.
. . . .atrichus var. davaoanus (Bezzi)

3a. A black crossband present at vertex.

Face of both sexes with a broad black

band across lower portion

. . . .ablepharus ablepharus (Bezzi)

No complete band across vertex. Face

of female [male unknown] with two

black spots '.

ablepharus var. mindanaus (Bezzi)

Dacus (Paradacus) Perkins, n. comb.

Paradacus Perkins, 1938, Roy. Soc. Queens-

land, Proc. 49(11): 143.

This subgenus is very similar to D. {Zeugo-

dacus) except that prescutellar bristles are ab-

sent. There appear to be just three described

species which fit in Paradacus. Hering’s place-

ment (1952^.* 266) of Zeugodacus pendkhuryi

Perkins under this combination was probably

an error. [See under Dacus {Zeugodacus)

pendkhuryi^ Paradacus minimus Hering {loc.

cit.) should very probably also belong in

Zeugodacus.

GENOTYPE: Paradacus fulvipes Perkins.

KEY TO ALL KNOWN SPECIES OF

Dacus (Paradacus)

1. Mesonotum with three postsutural yellow

vittae. Wings with a brown transverse

marking in median portion. (Moluccas)

perplexus Walker

Mesonotum with two postsutural yellow

vittae. Wings without transverse markings

2

2. Abdomen chiefly pale reddish brown,

third tergum black only along anterior

margin and slightly darkened on sides;

fourth and fifth terga all rufous except for

indistinct discolorations on sides. Cross-

vein m slightly infuscated. (Borneo) ....

fulvipes (Perkins)

Third to fifth terga black with a yellow

submedian spot on each side. The m
crossvein not infuscated. (Lesser Sunda

Islands) minimus (Hering)

Dacus (Paradacus) fulvipes

(Perkins), n. comb.

Paradacus fulvipes Perkins, 1938, Roy. Soc.

Queensland, Proc. 49(11): 143-144, fig. 8.

This species is apparently closely related to

D. minimus (Hering) and is separated by the

paler coloring of the abdomen and the slightly

fuscous m crossvein, as stated in the above

key. There are probably other more satisfac-

tory characters for separating these, but they

are not evident in the original descriptions.

Perkins’ wing photograph is very poor and

is of little value in distinguishing his species.

Length: Body, 6.0-6. 5 mm.; wings, 5.5-

6.0 mm.
TYPE locality: Bettolan, N. Borneo.

Type in the Selangor Museum.
This species is known only from the type

male.

Dacus (Paradacus) minimus
(Hering), n. comb.

Paradacus minimus Hering, 1952, Naturf. Ges-

ell. in Basel, Verhandl. 63: 42-43, fig. 1.

From Hering’s discussion of this it would

appear to fit just as well in Dacus {Zeugodacus)
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as in D. (Paradacus). His unique specimen

possessed a strong hair on the right side of

the mesonotum in the position of the pre-

scutellar bristles; this was lacking, however,

on the left side. It seems to be very close to

D. ftdvipes (Perkins) and is separated by its

predominantly black abdomen and by the

lack of fuscation along the m crossvein.

Length: Wing, 4.9 mm.
TYPE locality: Reo, West Flores.

Type in the Naturhistorischen Museum,
Basel.

This species is known only from the type

female.

Dacus (Paradacus) perplexus Walker

Fig. 3

Dacus perplexus Walker, 1862, Linn. Soc. Lon-

don, Proc. 6: 14.
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Paradacus perplexus Walker, Perkins, 1939,

Queensland Univ., Dept. Biol. 1(10): 33-
|i

34, pi. 1, fig. 3.

This species is readily distinguished from

all known Dacinae by the unusual wing mark-

ings (Fig. 3<^). The following description is

supplemental to that given by Perkins. Thorax:

The three yellow vittae on the mesonotum
are very broad and extend to the hind margin

of the mesonotum on the specimen at hand.

Perkins indicated that the lateral vittae ex-

tended to the inner posterior supraalar bristles

and that the median vitta was short. On our

specimen, the median stripe begins at the

scutellum; it is slightly wider at this point

than the area normally set off by the pre-

scutellar bristles; it is strongly narrowed as

it extends anteriorly beyond the suture and

blends into a very narrow rufous line which

Fig. 3. Dacus {Paradacus) perplexus Walker, a, Mesonotum; b, extended ovipositor; c, apex of piercer; d, wing.
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extends to the front margin of the mesonotum

(Fig. 3^) . The mesonotum and scutellum are

densely covered with moderately long yellow

pile. JFmgs/ As in Figure 3^. The costal cells

and the radial cell are entirely yellow, the

second section of the costa is densely covered

with microtrichia. CellM is slightly yellowish,

especially around its margins. The narrowed

portion of the cubital cell is about 1.25 times

as long as that portion from the apex of the

cell to the wing margin. Abdomen: Almost all

rufous with a rather faint brown vitta extend-

ing longitudinally over the median portion

of terga three to six. Ovipositor: The basal

segment, in situ, is about equal in length to

the fifth abdominal segment, as viewed from

above. The extended ovipositor (Fig. 3^) is

about 6.63 mm. long. The piercer is about

2.08 mm. long by 0.26 mm. wide at its widest

point. The apex is rather blunt, and two pairs

of long and two pairs of short preapical setae

are present; the elongate pair are situated

about 0.025 mm. from the apex (Fig. 3c). The

opening of the oviduct is situated about 0.26

mm. from the apex. The inversion membrane

measures about 2.47 mm. by 0.47 mm. at its

widest point. The rasper extends to within

about 1.35 mm. from the base of the segment.

The basal segment (seventh) is 2.08 mm. long

by 1.56 mm. wide at its widest point. The

spiracles are situated about 0.4 mm. from the

anterior corners of the segment.

Length: Body, 10.0-11.0 mm.; wings,

9.0 mm.

TYPE locality: Gilolo.

The type was not designated and is prob-

ably the female specimen mentioned by Per-

kins {loc. cit.) which is in the Australian

National Museum, Melbourne; this had been

labeled, by Walker, ''Dacus implexusL The

single specimen in the British Museum is a

male; Walker’s description was based upon

a female.

The female specimen described above is

labeled "Halamaheira, T. Barbour.”

Dacus (Paratribacus) Shiraki

Paratridacus Shiraki, 1933, Taihoku Imp.

Univ., Faculty Sci. and Agr., Mem. 8(2):

109-110 .

Dacus {Paratridacus) Shiraki, Hardy, 1951,

Pacific Sci. 5: 140.

This subgenus is differentiated from Dacus

{Zeugodacus), only by secondary sexual char-

acters in the males; the males lack the row of

cilia on each side of the third abdominal

tergum and the supernumerary lobe in the

wing.

genotype: Dacus {Paratridacus) expandens

Walker.

Dacus (Paratridacus) expandens
Walker

Dacus expandensWAker, 1859, Linn. Soc. Lon-

don, Proc. 3: 114.

Bactrocera garciniae Bezzi, 1913, Indian Mus.,

Mem. 3: 97.

Dacus yayeyamanus Matsumura, 1916, Thou-

sand Ins. of Japan, Addit. 2: 412.

This species has been adequately described

and figured by Hardy (1951: 140-142).

TYPE locality: ”Aru Islands” (Aroe Is-

lands).

Type in the British Museum (Natural

History).

A series of typical expandens are on hand

from the following localities. Philippine Is-

lands: Luzon, Sept.-Oct., 1947 (Q. C. Chock)

;

Bataan, Oct., 1947 (L. T. Karganilla).

Dacus (Paratridacus) expandens melanius

n. subsp.

Fig. 4

The specimens which we have seen from

Malaya are consistently darker in color than

are the typical D. expandens. The subspecies

melanius is distinguished by having the meso-

notum extensively blackened. In the fully

hardened (colored) specimens the area be-

tween the lateral yellow vittae is entirely black,

except for a brief interruption, just behind
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Fig. 4. Dacus {Paratridacus) expandens melanius n.

subsp. Mesonotum.

the suture, caused by a yellowish vitta which

extends from this point to the anterior margin

of the mesonotum. The area just in front of

the suture, on each side, has a moderately

large black spot which continues to the hu-

merus. The inner margin of each of these

black spots is produced into a vitta which

extends to the anterior margin of the meso-

notum at the outer scapular bristle (Fig. 4).

In other details this subspecies appears to

conform with the typical expandens.

Holotype male and allotype female, Singa-

pore, Malaya, May, 1949, ex fruit of Garcinia

dtdcis (N. L. H. Krauss); 75 paratypes, 25

males and 50 females with the following data:

same as type; Kuala Lumpur, Feb .-Mar.,

1949, ex Garcinia dulcis (N. L. H. Krauss).

Type, allotype, and a series of paratypes

deposited in the U. S. National Museum. The
remainder of the paratypes are being distrib-

uted to the following collections: British Mu-
seum, Bernice P. Bishop Museum, Hawaiian

Sugar Planters’ Association, the University of

Hawaii.

Dacus (Strumeta) Walker

Strumeta Walker, 1856, Linn. Soc. London,

Proc. 1: 33.

Dasyneura Saunders, 1841, Ent. Soc. London,

Trans. 3: 60 (nec Rondani, 1840).

Chaetodacus Bezzi, 1913, Indian Mus., Mem.
3: 93.

Dacus {Marquesadacus) Malloch, 1932, Bernice

P. Bishop Mus., BuL 98: 145.

Sinodacus Zia, 1936, Chinese Jour. Zool. 2:

157. New synonymy. See discussion under

Dacus {Strumeta) hochii (Zia).

Dacus {Strumeta) Walker, Hardy, 1951, Pac-

ific Sci. 5: 142.

The members of this subgenus are char-

acterized by one pair each of scutellar, pre-

scutellar, and anterior supraalar bristles, a row

of cilia on each side of the third tergum of

the male, and a supernumerary lobe in the

wing of the male.

GENOTYPE: Dacus {Strumeta) umbrosus Fa-

bricius.

KEY TO SPECIES AND VARIETIES OF

Dacus (Strumeta)

1. Wings with one or more complete cross-

bands (Figs. 10^ and 22^) 2

Wings without complete crossbands,

with not more than infuscations over

crossveins 3

2. Wings with 3 complete crossbands and

a distinct costal band (Fig. 22^) (wide-

spread through the southwest Pacific) . .

umbrosus Fabricius

Wings with one crossband and without

a distinct costal band (Fig. lOb) (Sol-

omon Islands, New Britain, Micronesia,

Malaya) frauenfeldi Schiner

3. Wings infuscated only on costal margin

and through cubital area; costal band

may be enlarged into an apical spot. . . 7

Wings with brown infuscations over one

or both crossveins 4

4. Mesonotum with no postsutural yellow

vittae. (Malaya) .... tillyardi (Perkins)

Mesonotum with 3 yellow vittae 5

5. The r-m crossvein with a distinct brown

infuscation. Costal band broad and not

strongly expanded at apex but extending
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to vein M1+2. Two pairs of inferior fronto-

orbital bristles present. (Flores)

persignatus (Hering)

The r~m crossvein clear or very faintly

infuscated. Costal band expanded into

a large apical spot, extending only about

halfway through cell R5. Three pairs of

inferior fronto-orbital bristles present. .6

6. Face with a transverse band of black.

(Java) transtillum (Hering)

Face with the usual black spots in an-

tennal furrows. (Widespread)

cucurbitae Coquillett

7. Mesonotum with no postsutural yellow

vittae 8

Mesonotum with yellow vittae 9

8. Costal band greatly expanded into a large

brown spot which fills apical fourth of

the wing. Face with a transverse band of

black across middle. (China, Indonesia)

hochii (Zia)

Costal band not enlarged. Face with the

usual black spots. (Java)

obscuratus de Meijere

9. Mesonotum with 3 postsutural yellow

vittae. Wings with a large apical spot.

(Java) apicalis de Meijere

Mesonotum with 2 postsutural yellow

vittae 10

10. Face with a black transverse band. (For-

mosa, Borneo, Malaya) . . . cilifer Hendel

Face without such a band 11

11. Face with the usual black spots in an-

tennal furrows or entirely brown to

blackish 12

Face entirely yellow .13

12.

Humeri and postalar calli joined by a

broad yellow band. Costal band extends

to vein Mi-f2 and expanded in wing apex.

(Philippine Islands) . continuus (Bezzi)

Humeri and postalar calli not joined by

a yellow band. Costal band not extending

to vein M1+2 14

13. Mesonotum chiefly or entirely rufous

with yellow marks. Costal band extend-

ing to vein Mi-1-2. Wings of males with

a peculiar bulla developed above cubital

vein (Fig. 16^/). (Philippine Islands and

Malaya) mcgregori (Bezzi)

Mesonotum black except for yellow

markings. Wings probably not as above.

(Java) impunctatus de Meijere

14. Costal band very broad, extending along

top edge of vein R4+5 filling all or almost

all of cell R3 15

Costal band scarcely, if at all, extending

into cell R3, except at wing apex ... 16

15. Face brown to black, obscuring spots in

antennal furrows, front and middle fem-

ora and abdomen blackish. (Malaya) . . .

nigrotibialis var. lata (Perkins)

Face, all femora, and abdomen chiefly

yellow to rufous. (Philippine Islands). .

limbiferus (Bezzi)

16. Front and middle femora chiefly or en-

tirely yellow. Postsutural yellow vittae on

mesonotum extending to or beyond in-

ner supraalar bristles. Shining areas on

fifth tergum rufous 19

Front and middle femora chiefly brown

to black. Postsutural yellow vittae ending

in front of inner supraalar bristles. Shin-

ing areas on fifth tergum black 17

17. Face largely yellow, with distinct black

spots which extend to oral margin (Fig.

15^). Abdomen marked with yellow at

least on second tergum, and yellow vittae

on mesonotum not strongly narrowed

behind except in pectoralis Walker ..18

Face brown to black, therefore the black

spots in antennal furrows not clearly de-

fined. Abdomen all black, and yellow
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vitfae on mesonotum pointed posteriorly

(Eig. 18^?). (Malaya)

nigrotibialis (Perkins)

18. Eacial spots small, not reaching oral mar-

gin. Abdomen black except for a pale

band on apex of second tergum. Meso-
notum with 3 longitudinal, gray pollinose

stripes. (Aroe Island) .pectoralis Walker

Eacial spots large, extending to oral mar-

gin. Abdomen chiefly yellow to rufous

(Eig. 15c). Mesonotum with 2 gray stripes

(Eig. 15^). (Philippine Islands)

luzonae n. sp.

19. Abdomen entirely rufous. Wings with

apical spot. Front about as broad as one

eye. (Southeast Asia) .latifrons (Hendel)

Abdomen with brown to black markings.

Wings without apical spot. Front nar-

rower 20

20. Ovipositor trilobed at apex (Fig. 21c).

(Malaya) propinquus n. sp.

Ovipositor normal, not trilobed (Fig.

20^) 21

21. Median portion of mesonotum yellow to

rufous 22

Median portion of mesonotum black . 2 3

22. Tibiae fulvous. Third section of costa

(stigma) about 1.5 times as long as sec-

ond section (Fig. 11^). Ovipositor very

elongate, over 9-0 mm. extended; apex

trilobed (Fig. 11c). Large species, body

8.0-9.0 mm. (Indonesia, Solomon Is-

lands, New Britain) . . froggatti (Bezzi)

Front and hind tibiae brown to black.

Third costal section scarcely longer than

second (Fig. 3a), Ovipositor short and

stubby, about 3.5 mm. extended. Apex
of piercer sharp pointed (Fig. 3d ). Small-

er species, body 6.0-6.4 mm. (Malaya)

arecae n. sp.

23. In situ, basal segment of ovipositor

(measured from above) slightly longer

than fifth abdominal segment; extended

ovipositor approximately 6.0 mm. (Ma-
laya, Phillipine Islands, Indonesia)

pedestris (Bezzi)

Basal segment of ovipositor about 0.75 as

long as fifth abdominal segment; extend-

ed ovipositor not more than 4.7 mm. 24

24. Ovipositor very abruptly tapered beyond
opening of oviduct (Fig. 17^). (Borneo)

muiri n. sp.

Ovipositor not as above 2 5

25. Extended ovipositor 4. 5-4.7 mm., apex

narrowed to a slender point (Fig. ^a).

Postsutural yellow vittae on mesonotum
broad, parallel-sided, and extending

slightly beyond inner supraalar bristle.

At least middle tibiae all yellow

dorsalis Hendel 2 5a

Ovipositor very short, fully extended

2.9-3.4 mm., apex tapered gradually and

comparatively broad (Figs. Ga, 9a). Yel-

low vittae on mesonotum wedge-shaped,

ending before inner supraalar bristles.

Tibiae all discolored with brown 26

25a. Costal band not extending below

vein R3 except at apex of wing.

(Widespread over Orient and Pacif-

ic) dorsalis dorsalis Hendel

Costal band extending along under-

side ofvein R3 throughout its length.

(From the Philippines to Malaya)

.

. .dorsalis var. occipitalis (Bezzi)

26. Basal segment of ovipositor (1.1 mm.)
longer than inversion membrane (0.91

mm.) or piercer (0.9I mm.). Piercer

broader (0.18 mm. wide) (Fig, 9a), and

rasper extending to within 0.15 mm. of

base of inversion membrane. Apical third

of each femur brownish and humeri bor-

dered with red. (Philippine Islands). . . .

dorsaloides n. sp.

Basal segment (1.0 mm.) shorter than

inversion membrane (1.21 mm.) or pierc-
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er (1.2 mm.). Piercer narrower (0.13 mm.
wide) (Fig. 6a) and rasper extending to

within 0.36 mm. of base of inversion

membrane. Femora yellow to rufous and

humeri bordered with black. (Philippine

Islands) cognatus n. sp.

Dacus (Strumeta) apicalis de Meijere

Dacus apicalis de Meijere, 1911, Tijdschr. v.

Ent. 54; 376.

This species appears to be distinguished

from other Strumeta which occur in this region

by having three postsutural yellow vittae, the

crossveins without infuscation, and the costal

band enlarged into a large apical spot.

TYPE locality; Sindanglaja, Java.

Type in the Zoologisch Museum, Am-
sterdam,

We have not seen this species.

Dacus {Strumeta) arecae n. sp.

Fig. 5

This species is very similar to D. dorsalis

Hendel, differing chiefly in its smaller size

and consistently paler color. The short, stubby

ovipositor will readily distinguish the species.

The anterior median portion of the meso-

notum is yellow to rufous in arecae and is

black in dorsalis. The thorax is marked with

yellow brown to brown but usually has no

black markings on the specimens of arecae

which are at hand. The portions of the pleura

and metanotum which are black in dorsalis

are yellow brown in arecae. The third section

of the costa (stigma) is distinctly shorter in

arecae than in dorsalis. In arecae the second

costal section measures 21 marks on our ocu-

lar micrometer, whereas the third section

measures approximately 25 marks (Fig. 5^).

In dorsalis the second measures 21 and the

third about 35 (Fig. ^d). This species is also

close to D. froggatti (Bezzi) (refer to discus-

sion under that species).

MALE. Head: Front rufous to yellow with

no frontal spots. Two pairs of inferior fronto-

orbital bristles and one pair of superior fronto-

orbitals are present. The occiput is chiefly

yellow, just faintly discolored with a brownish

tinge on the hind portion. The black facial

spots are large and are quadrate to oval in

shape. The third antennal segment is dark

brown at the apex and on the outside surface

and is slightly longer than the face. All the

head bristles are black. Thorax: The front

margin of the mesonotum is polished yellow.

A broad yellow to rufous vitta extends from

inside the outer scapular bristles to just be-

yond the suture. The vitta is slightly inter-

rupted medianly by a faint brown line extend-

ing from the suture to just before the inner

scapular bristles. The median pale vitta is

bordered on the sides by a line of brown
which runs from the dark spots behind the

humeri to the outer scapular bristles (Fig. 5^).

A narrow yellow vitta also extends from the

posterior margin of the mesonotum, between

the prescutellar bristles, to a point just before

the suture, indistinctly connecting with the

Fig. 5. Dacus {Strumeta) arecae n. sp. a. Wing; b,

mesonotum; c, extended ovipositor; d, apex of piercer.
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broad pale vitta over the front portion. The

dark colors on the thorax vary from pale

brown to blackish brown but are not jet black

as in dorsalis. Legs: The coxae and trochanters

are yellowish tinged with brown. The front

and hind tibiae are brown to black. The mid-

dle pair are yellow on their apical halves. The

femora are yellow except for a large brown

spot on the outside dorsal surface of the apical

third of each front femur. Wings: As in dorsalis

except for the shorter third costal section

(stigma) (Eig. 5^). The costal cells are hya-

line, and the costal band is not attenuated at

apex (refer to discussion under D. froggatti

(Bezzi)). Abdomen: As in dorsalis, but the

markings are more brown in color.

Length: Body, 6.0-6.4 mm.; wings, 5.1 mm.
FEMALE. As in the male except for genital

characters. Ovipositor: The exposed portion of

the ovipositor is slightly shorter than the fifth

abdominal segment. The extended ovipositor

(Fig. 5c) measures 3.5 mm. in length. The

basal segment is approximately 1.3 mm. long

by 1.0 mm. wide at its broadest point. The

spiracles are situated about 0.31 mm. from

the base of the segment, measured on the

lateral margins. The inversion membrane is

about 1.2 mm. long by 0.3 mm. wide at its

widest point. The rasper extends to within

0.26 mm. of the base of the segment. The

piercer is about 1.0 mm. in length by 0.21

mm. wide at its widest point. The apex of the

oviduct is about 0.23 mm. from the tip of the

piercer. The preapical setae are small and in-

conspicuous, the four pairs are equal in size

(Fig. ^d), and the distal setae are approxi-

mately 0.07 mm. from the tip of the piercer.

In dorsalis the distal two pairs of setae are

much more strongly developed than are the

proximal pairs.

Holotype male, allotype female, and 29

paratypes, 19 males and 10 females: Singa-

pore, Malaya, May, 1949, ex fruit of Areca

catechu. Also, four paratypes, two males and

two females, Beranang, Selangor, Malaya,

June, 1948, ex Areca catechu. One male spec-

imen is also on hand from Singapore, May,

1949
,
ex Canangium odoratum; it is not being

designated as a paratype.

The type, allotype, and a series of paratypes

are in the U. S. National Museum. The re-

mainder of the paratypes are in the following

collections: Bernice P. Bishop Museum, Ha-
waiian Sugar Planters’ Association, Territorial

Board of Agriculture and Forestry, and the

University of Hawaii.

Dacus (Strumeta) cilifer Hendel

Dacus cilifer Hendel, 1912, Suppl. Ent. 1: 15,

pi. 1
,
fig. 1 .

This species is distinguished by the black

transverse band across the face, the all-black

abdomen, and by the elongate ovipositor, the

basal segment of which is equal in length to

abdominal segments three to five. It has been

adequately described by Hendel and by Shi-

raki (1933: 71-73).

Length: Body, 4.0-6. 5 mm.; wings, 3.5-

6.0 mm.
TYPE LOCALITY: Formosa. Host, Momordica

cochinchinensis Sprengel.

Type in the Deutsches Entomologisches

Institut.

We have not seen this species. Perkins

(1938: 127) recorded it from North Borneo

and Malaya.

Dacus {Strumeta) cognatus n. sp.

Fig. 6

This species is very close to D. dorsalis

Hendel and can be separated satisfactorily

only by the ovipositors. If the specimens are

fully hardened, the markings of the mesono-

tum and abdomen appear to be distinctive.

The postsutural yellow vittae on the m^eso-

notum are wedge-shaped and end slightly be-

fore the inner supraalar bristles. The area

around the inner supraalar is yellow brown

and contrasts with the bright-yellow coloring

of the vittae. In dorsalis the vittae are broad,

parallel sided, and the inner supraalars are

included within their boundaries. The sides
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of the abdomen of cognatus are extensively

blackened, the tibiae are all discolored with

brown, and the specimens are consistently

smaller than dorsalis. The ovipositor is dis-

tinctly shorter and the apex is broader than

in dorsalis (cf. Figs. 6^, 8r, and refer to meas-

urements of the ovipositors of both species).

The female specimens can readily be distin-

guished by the comparatively broad apex of

the ovipositor.

FEMALE. The front is parallel sided and is

unspotted. It is about twice as long as wide.

There are two pairs of inferior frontal orbital

bristles present; sometimes a weak third pair

is present. The black spots on the face are

large and oblong in shape. The first two an-

tennal segments are rufous; the third segment

is yellow brown. The third segment is less

than three times as long as wide and about

equal in length to the face. Thorax: Predom-

inantly black with fine, short, yellow pile on

the dorsum and gray pile and pubescence on

the sides. The mesonotum has a pair of broad

gray submedian vittae; otherwise it is chiefly

shining black. The lateral yellow vittae are

wedge-shaped and rather strongly tapered pos-

teriorly. The scutellum is all yellow except

for a narrow band of black across its base.

Legs: The femora are almost entirely yellow

to rufous; the front pair has a brown spot

near the apex of the upper surface. The tibiae

are discolored with brown; the tarsi are yellow

except for the brownish, discolored apical

subsegments. Wings: Very similar to those of

dorsalis. We have been unable to find any

distinctive differences in the venation or the

wingmaculation. Abdomen: Broad black bands

are present on the basal portions of terga one

and two. A broad median vitta extends longi-

tudinally from the base of tergum three to the

apex of five; the sides of three to five are

almost all black. The basal band on segment

three is strongly narrowed, often interrupted,

on each side of the median vitta. Ovipositor:

The basal portion, in situ, is about 0.75 as long

as the fifth abdominal segment. The ovipos-

itor is very short; when fully extended (Fig.

Fig. 6. Dacus {Strumeta) cognatus n. sp. a. Extended
ovipositor; b, apex of piercer.

6a), it measures approximately 3.4 mm. The
piercer is evenly tapered to its apex, not

slender pointed as in dorsalis. The preapical

setae are very tiny and inconspicuous. The four

pairs are approximately equal in size. The
piercer measures about 1.2 mm. long by 0.13

mm. wide at its widest point. The oviduct

extends to within 0.28 mm. of the apex. The
preapical setae are situated approximately 0.08

mm. from the apex. The inversion membrane
measures 1.21 mm. long by 0.28 mm. wide

at its widest point. The rasper extends to

within 0.36 mm. of the base of the segment.

The basal portion of the ovipositor measures

about 1.0 mm. by 0.96 mm. The spiracles are

situated approximately 0.21 mm. from the

anterior lateral margin of the segment.

MALE. As in the female except for sexual

characters.

Length: Body, 6.0-6. 5 mm.; wings, 5.5-

5.8 mm.
Holotype female, allotype male, and 22 pa-

ratypes, 10 female and 12 males from Los

Banos, Philippine Islands, July 3-19, 1921,

"Forest School,” some are labeled ex Eugenia

sp..? (F. X. Williams); 2 males same locality

as type, June, 1925 (C. E. Pemberton).
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The type and allotype and a series of para-

types are being deposited in the U. S. National

Museum. The remainder are being distributed

among the following museums and collec-

tions: Hawaiian Sugar Planters’ Association,

Bernice P. Bishop Museum, and the Univer-

sity of Hawaii.

Dacus (Strumeta) continuus

(Bezzi), n. comb.

Fig. 7

Chaetodacus continuus Bezzi, 1919, Philippine

Jour. Sci. 15(5): 424-425, pi. 1, fig. 6.

This species is readily distinguished by hav-

ing the humeri and notopleura connected by

a yellow band; by the chiefly pale coloration

and the presence of three narrow brown to

black vittae extending down the mesonotum;

also by having the costal band extending

along the wing margin to vein Mi-1-2. The

specimens at hand are teneral, the wing macu-

lations are very faint or lacking, and the

thoracic markings are pale. The facial mark-

ings are also distinctive in this species; the

spots consist of a brown to black vertical

streak in each antennal furrow, extending to

Fig. 7. Dacus {Strumeta) continuus (Bezzi). a. Ex-

tended ovipositor; h, apex of piercer.

the oral margins and about half as long as the

face.

The species has been adequately described

by Bezzi except for the details of the ovipos-

itor. Ovipositor: The exposed portion of the

basal segment {in situ) is slightly less than 0.5

as long as the fifth abdominal segment. The

extended ovipositor (Fig. Id) measures about

4.32 mm. The piercer measures 1.5 mm. long

by 0.13 mm. wide at its widest point. The

preapical setae are small and inconspicuous.

Three pairs are situated about 0.04 mm. from

the apex, and one pair is displaced basally

(Fig. lb). The opening of the oviduct is sit-

uated about 0.3 mm. from the apex of the

piercer. The inversion membrane is about 1.5

mm. long by 0.23 mm. wide at its widest

point. The rasper extends to within 0.4 mm.
of the base of the segment. The basal segment

is about 1.32 mm. long by O.96 mm. wide,

and the spiracles are located about 0.34 mm.
from the anterior lateral margins of the

segment.

Length: Body, 6.0 mm.; wings, 5.0 mm.
TYPE LOCALITY: Antique Prov., Batbatan

Island, Philippine Islands.

Bezzi said the type was in his collection.

His collection is in the Museo Civico di

Storia Naturale, Milan, Italy.

A series of specimens are on hand from

Mt. Makiling, Laguna, P. L, Sept. 9, 1935

(F. C. Hadden).

Dacus (Strumeta) cucurbitae Coquillett

Dacus cucurbitae Coquillett, 1899, Ent. News

10 : 129.

This species was taken in large numbers in

all the areas covered by this report. It is a

serious pest of cucurbitaceous plants through-

out much of the southwest Pacific. D. cucurbi-

tae is readily distinguished from other Stru-

meta by the brown markings along the m and

r-m crossveins and by the moderately large

apical spot formed by the expansion of the

costal band; also by its predominantly rufous

color and by the presence of three yellow

vittae on the mesonotum. The species has
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been adequately described and figured by

Hardy (1949: 185).

The specimens from the Philippines and

Borneo exhibit considerable variations in the

development of the scutellar bristles. A num-

ber of specimens have been studied which

possessed four well-developed scutellar bris-

tles. These would fit the concept of Dacus

{Zeugodacus) (genus Zeugodacus of other au-

thors). Many specimens have the outer scu-

tellars small but definitely present. Other

specimens have three scutellars present, and

the typical specimens have but two. I have

also seen these same variations in specimens

from India.

Many thousands of specimens have been

seen from the following localities.

Philippine Islands: Dumaguete City, Ne-

gros, Oriental Prov., Negros, Apr., 1950, ex

Momordica charantia L. and Luffa cylindrica

Roem. (F. E. Skinner); Cebu City, Cebu,

July, 1950, ex Momordica charantia L. (F. E.

Skinner); Luzon, Sept.-Oct., 1947 (Q. C.

Chock); Del Monte, Mindanao, Jan., 1950,

ex cucumber (F. E. Skinner); Davao, Min-

danao, Mar.-Aug., 1950, ex cucumber and

Momordica charantia L. (F. E. Skinner)
;
Pangi,

Mindanao, Feb.-Sept., 1950, ex Momordica

charantia L. and ex "Ampalayo” (F. E. Skin-

ner); Camatayan, Misamis Oriental, Minda-

nao, Dec., 1949, ex Trichosanthes sp. (F. E.

Skinner); Gamalang, Davao Prov., Minda-

nao, Sept., 1950, 1,000 feet, ex Luffa cylindrica

Roem. and Momordica charantia L. (F. E.

Skinner); Padada, Davao Prov., Mindanao,

May, 1950, 100 feet, ex Momordica charantia

L. (F. E. Skinner); Sasa, Davao Prov., Min-
danao, Aug., 1950, ex watermelon and musk-
melon (F. E. Skinner); Pasay, Feb., 1947 (Q.

C. Chock); Batangas, Aug., 1947 (Q. C.

Chock).

Borneo: Tamparuli, Jan.-June, 1951, ex

Luffa acutangula {^'Potold'), cucumber, Mo-
mordica charantia^ Lagenaria leucantha, Arto-

carpus integra, Baccaurea angulata, guava, and

mango (F. E. Skinner and G. Angalet); Tu-

aran, Jan.-June, 1951, ex cucumber, Solanum

sp., Momordica charantia^ Artocarpus integra.

mango, carambola, and Eugenia javanica (F,

E. Skinner and G. Angalet); Mengetel, June,

1951, ex Averrhoa carambola and mango (G.

Angalet); Papar, Nov., 1950-Jan., 1951, ex

Luffa acutangula and Momordica charantia (F.

E. Skinner); Kota Baru, May, 1951, ex Eu-

genia javanica, guava, and papaya (G. An-

galet); Kota Belud, June, 1951, ex Draconto-

melum dao and Cucurhita maxima (G. Angalet)

;

Jesselton, July, 1951, ex Luffa acutangula and

mango (G. Angalet).

Malaya; Kuala Lumpur, Apr., 1948-Mar.,

1949, ex Benincasa cerifera, Momordica charan-

tia, cowpea pods, and Trichosanthes anguina

(N. L. H. Krauss); Singapore, Apr., 1949, ex

wax gourd (N. L. H. Krauss); Titi, Negri

Sembilan, June, 1948, ex Momordica charantia

(N. L. H. Krauss); Serdang, Selangor, June,

1948-Feb., 1949, ex cucumber, Luffa cylin-

drica, and L. acutangula (N. L. H. Krauss).

The following parasites were reared from

this species: from Malaya

—

Opius fletcheri Sil-

vestri, Spalangia spp..^, and Tachinaephagus

spp..^; from Borneo

—

Opius vandenhoschi Fulla-

way, 0. angaleti Fullaway, Spalangia spp..^,

Syntomosphyrum indicum Silvestri, Pachycrep-

oideus dubius Ashmead, and Trybliographa dad

Weld; from the Philippine Islands—

fletcheri Silvestri, 0. longicaudatus (Ashmead),

Spalangia sp..?, and Pachycrepoideus dubius

Ashmead.

Dacus (Strumeta) dorsalis Hendel

Figs. 8, 15^

Dacus dorsalis 1912, Suppl. Ent. 1; 18.

The typical form of dorsalis will be dis-

cussed in more detail in a study which is

underway on the dorsalis complex of species.

The Malayan, Philippine, and Borneo spec-

imens show considerable variation in the

width of the costal band, and the majority

fit the variety occipitalis (Bezzi) more closely

than they do the typical form. The species is

closely related to D. pedestris (Bezzi) and is

best separated by comparing the ovipositors.
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As discussed under pedestris, the following

characteristics will usually distinguish dorsalis:

The shorter ovipositor (cf. Figs, 8^, 20^, refer

to discussion under pedestris)\ the narrower

costal band, not extending below vein R3

except at the wing apex, and the more con-

sistently pale occiput, coxae, trochanters, and

front and middle tibiae.

Length: 6.0 -8.0 mm.
TYPE locality: Formosa.

Type in Deutsches Entomologisches In-

stitut.

Numerous specimens are in the collection

from the following localities and hosts.

Malaya: Kuala Lumpur, June, 1948-Apr.,

1949, ex Averrhoa caramhola, Eugenia sp.

('Jambu ayer”), Eugenia jamhos, Eugenia ma-

laccensis, and Solanum verbascifolium; Malacca,

Feb., 1949, ex Eugenia sp.; Serdang, Selangor,

Sept.-Nov., 1948, ex Averrhoa caramhola and

Averrhoa hilimhi; Penang, March, 1949, ex

Averrhoa caramhola; Mandai, Singapore, May,

1949, ex Averrhoa caramhola; Singapore, May,

Fig. 8. Dams {Strumeta) dorsalis Hendel. a. Wing;
h, extended ovipositor; c, apex of piercer.

1949, ex Garcinia sp., Eugenia sp.?, Areca

catechu, and Canangium odoratum; Kuala Kla-

wana, Negri Sembilan, June, 1948, ex fruit

of
'

' Terong pipit,

Philippine Islands : Mintal, Mindanao, May,

1950, ex Chrysophyllum cainito L. (F. E. Skin-

ner); Gamalang, Mindanao, Sept., 1950, ex

Solanum sp. (E. E. Skinner); Tagoloan, Min-

danao, Dec., 1949 (Skinner); Bago, Minda-
i

nao, Eeb., 1950 (Skinner); Manambulan,

Mindanao, Feb., 1950, ex pomelo (Skinner);
||

Toril, Davao Prov., Mindanao, Feb., 1950, ji

ex pomelo (Skinner). '

Java: Bogor, ex Averrhoa caramhola and 1

Capsicum annuum Linn., July, 1951.
j

Borneo: Tamparuli, Jan.-May, 1951, ex
j

Eicus, citrus, guava, mango, and caramhola
j

(F. E. Skinner and G. Angalet); Papar, Nov.,
:

1950-Feb., 1951, ex carambola and mandarin

orange (Skinner and Angalet)
;

Mengetel,

June, 1951, ex Averrhoa caramhola and mango

(G. Angalet); Tuaran, Apr., 1951, ex Arto-

carpus Integra, mango, carambola, and papaya

(E. E. Skinner); Kota Baru, May, 1951, ex

Baccaurea angulata.

The following parasites were reared from

this species: Malaya

—

Opius incisi Silvestri, 0.

oophilus Eullaway, 0. vandenhoschi Fullaway,

0. longicaudatus malayensis Eullaway, Pachy-

crepoideus duhius Ashmead, Tachinaephagus

spp.?, Syntomosphyrum indicum Silvestri, Spalan-

gia spp.?, Galesus sp.?, Diapriidae and Cynipi-

dae, genera and spp.?; from Java and Borneo

—0. longicaudatus (Ashm.), 0. oophilus Fulla-

way, 0. vandenhoschi Fullaway, 0. incisi Silves-

tri, 0. makii Sonan, Tryhliographa dad Weld,

Syntomosphyrum indicum Silv.,Encyrtidae genus

and sp.?, Spalangia sp.?, Bracon sp.?, and

Pachycrepoideus duhius Ashm.

Dacus dorsalis var. occipitalis (Bezzi)

Chaetodacus ferrugineus var. occipitalis Bezzi,

1919, Philippine Jour. Sci. 15(5): 423.

This variety is distinguished from typical

dorsalis by the broader costal band in the wing.

The band ordinarily extends distinctly below

vein R3 nearly halfway through the top por-
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tion of cell R3. The anterior sclerite of each

propleuron, the coxae, and tibiae are usually

discolored with brown to black as in pedestris,

and the occiput is predominantly rufous as

in typical dorsalis. The genitalia of both sexes

appear to be identical with those of typical

dorsalis.

This is apparently the common form of the

dorsalis complex which occurs in the Philip-

pine Islands, and it was thought that it rep-

resented a geographically distinct subspecies.

It is now obvious that the ranges of typical

dorsalis and dorsalis occipitalis overlap in Ma-
laya, and on the basis of this geographic

intergrading it is probably best that occipitalis

be considered a variety. The extension of the

costal band beneath vein R3 is somewhat

variable and is much more distinct in some

specimens than in others. It appears to be

much more constant in specimens from the

Philippines than in those from other areas.

Length: 7.0-8.0 mm.
TYPE LOCALITY: Los Bafios, Luzon, Philip-

pine Islands.

Bezzi recorded the type as being in Profes-

sor C. F. Baker’s collection (University of the

Philippines). A specimen in the U. S. Na-

tional Museum labeled "Mt. Makiling, Lu-

zon, Baker, 1497” is evidently a cotype.

The many thousands of specimens which

have been studied from Malaya have shown
considerable variation in the width of the

costal band and in the intensity of the dis-

coloration of the front and middle coxae and

the anterior portion of the propleura. So much
intergradation is evident that it does not ap-

pear practical to attempt to separate occipitalis

from the typical dorsalis in this region. The
data recorded under dorsalis will also pertain

to the variety occipitalis. In most of the series

examined, specimens fitting both forms were

present.

Dacus {Strumeta) dorsaloides n. sp.

Fig. 9

This species is very close to D. dorsalis

Hendel and to D. cognatus n. sp. and is best

differentiated by the characteristics of the fe-

male ovipositor. The bright-yellow postsu-

tural vittae are similar to those of cognatus,

they are narrowed behind and do not reach

the inner supraalar bristles, but the area of the

mesonotum outside the vittae is rufous or

brownish yellow, not black as in the related

species. The tibiae are also discolored with

brown as in cognatus, but the humeri are bor-

dered by rufous, not black. It differs from

both dorsalis and cognatus by having the apical

third of each femur discolored with brown.

The females are readily distinguished from

dorsalis by the very short, stubby ovipositor.

They can be grouped with cognatus by the

comparatively broad, gradually tapered apex

(cf. Figs. Ga, 9a). It differs from both dorsalis

and cognatus (as well as all other Dacinae which

we have studied) by having the basal segment

of the ovipositor longer than the inversion

membrane or the piercer. It is further dis-

tinguished by the details of the ovipositor as

given below.

FEMALE. Head: The front is approximately

twice as long as wide; there are two pairs of

inferior frontal orbital bristles and one pair of

superior frontal orbitals. No brown spots are

present at the bases of the frontal bristles.

Fig. 9. Dacus {Strumeta) dorsaloides n. sp. a. Extended
ovipositor; b, apex of piercer.
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The median portion of the front is discolored

with brown. The face has an oval black spot

in each antennal furrow. The third antennal

segment is brown and is approximately four

times as long as wide. Thorax: Chiefly black

with the postsutural yellow vittae as described

above and with the front margins of the meso-

notum reddish around the humeri. The meso-

notum is rather densely covered with gray

pollen. The scutellum is entirely yellow ex-

cept for a narrow band of black at its base.

The mesopleural stripe is just slightly wider

than the notopleural callus. Legs: The femora

are predominantly yellow; the apical third to

two fifths are discolored with brown. The
tibiae are all brownish. Wings: As in dorsalis.

We find no differences in the venation or the

wing coloration. Abdomen: Very similar to

that of dorsalis with broad black basal bands

on terga one to three and with a median

longitudinal black vitta extending from three

over five. The sides are not extensively black-

ened as in cognatus. Ovipositor: In situ the basal

portion of the ovipositor is not quite 0.75 as

long as the fifth abdominal segment. The
ovipositor is very short; when fully extended

it measures approximately 2.92 mm. The basal

segment is about 1. 1 mm. long by I.O mm.
wide at its widest point. The spiracles are

situated about O.I mm. from the base of the

segment, measured to the anterior lateral mar-

gins. The inversion membrane measures 0.91

mm. by 0.26 mm. The rasper extends to with-

in 0.15 mm. of the base of the segment. The

piercer tapers gradually to the apex; it is rather

broad and blunt at the tip. The piercer meas-

ures approximately 0.91 mm. by 0 18 mm.
The oviduct opens about 0.21 mm. from the

apex. The preapical setae are about 0.05 mm.
from the apex. There are two moderately long

and two tiny setae present (Fig, 9^).

Length: Body, 6.0 mm.; wings, 5.5 mm.
MALE. As in the female, except for the

sexual characters.

Holotype female, allotype male, and four

paratypes, one male and three females, from

Makiling, Philippine Islands, Feb. 21, 1921,

ex fallen fruit of Sideroxylon macranthuni

Merr. (F. X. Williams).

The holotype and allotype are being de-

posited in the U. S. National Museum, the

paratypes are in the Hawaiian Sugar Planters’

Association, Bernice P, Bishop Museum, and

the University of Hawaii collections.

Dacus (Strumeta) frauenfeldi Schiner

Fig. 10

Dacus frauenfeldi Schiner, 1868, Reise Novara,

Dipt., 262.

Dacus alhistrigatus de Meijere, 1911, Tijdschr.

V. Ent. 54: 377, pi. 20, fig. 33.

This species is very distinctive and is dis-

tinguished from all other known Strumeta by

the well-developed transverse band through

the middle of the wing and the very oblique

r-m crossvein (Fig. 10^), by the lack of a dis-

tinct costal band, by the large triangular black

mark on the scutellum, and by the broad

gray vittae extending longitudinally down the

middle of the mesonotum (Fig. 10^). The

postsutural yellow vittae are strongly nar-

rowed posteriorly.

From de Meijere’s original description and

figure it is obvious that Hendel’s synonymy

is correct. Perkins (1938: 128) says that the

costal band (in de Meijere’s drawing) is too

dark and conspicuous to be frauenfeldi. We
believe it is just an error on the artist’s part;

the shading along the costal margin should

represent faint yellowish fumosity. The de-

scriptions by de Meijere and Perkins {loc. cit.)

are adequate except for the details of the

ovipositor.

Ovipositor: The basal portion {in situ) is

about equal to or slightly shorter than the

fifth abdominal segment. The extended ovi-

positor (Fig. 10c) measures about 3.7 mm.
The piercer is 1.2 mm. long by 0.15 mm.
wide at its widest point. The oviduct opens

about 0.17 mm. from the apex of the piercer.

The preapical setae (Fig. lOd) are situated

about 0.05 mm. from the apex. The inversion
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Fig. 10. Dacus iStrumetd) frauenfeldi Schiner. a, Mesonotum; b, wing; c, extended ovipositor; d, apex of piercer.

rasper extends to within 0.54 mm. of the base

of the segment. The basal segment is about

1.11 mm. long by 0.99 mm. wide at its widest

point.

Length: Body, 6.0-7.0 mm.; wings, 5.5-

6.0 mm.
TYPE LOCALITY: Stuart Islands.

Type probably in Vienna.

Perkins {loc. cit.) recorded this species from

Malaya. We have not seen specimens from

the areas covered in this report. We have a

good series on hand from Rabaul, New Brit-

ain, Nov., 1949
,
ex ''Aila,” Psidium guajava,

and mango (N. L. H. Krauss); Utragal, Wo-
leai Island (Caroline), July 28, 1946, ex Eugenia

(R. G. Oakley); Dublon, Truk, Feb., 1948

(K. L. Maehler); Kwajalein, Apr., 1948 (K.

L. Maehler).

Dacus (Strumeta) froggatti (Bezzi)

Fig. 11

Chaetodacus froggatti Bezzi, 1928, Dipt. Fiji

Islands, 101. Change of name for Dacus

zonatus Froggatt (1911) nec zonatus Saun-

ders (1841).

Strumeta? moluccensis Perkins, 1939, Queens-

land Univ., Dept. Biol. 1(10): 17-18, pi.

1, fig. 12. New synonymy based upon a

study of specimens from Indonesia, New
Britain, New Guinea, and the Solomon

Islands.

Perkins separated froggatti from moluccensis

by its having the "mesonotum mostly black

in front of the suture," as distinguished from

"mostly red in front of the suture" in moluc-

censis. His description also indicates that frog-

gatti has no "complete black band along the

anterior border of the third abdominal tergite"

and moluccensis has a narrow black band. No
specimens have been seen which have the

anterior median portion of the mesonotum

black (his specimens must have been dis-

colored), and the black basal band on the
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third tergum appears to be complete on all

mature specimens.

This species seems to fit closest to D. arecae

n. sp. It is distinguished by its larger size;

all fulvous tibiae; elongate third costal section

of the wing (Fig. 11^); by the much more

elongate, strongly developed ovipositor (Fig.

11 ^) and the trilobed piercer (Fig. 11 c). Per-

kins’ description of the ovipositor was quite

misleading; he said its proportions are as

follows (measured from below, except for the

fifth tergum): "length of basal segment:

greatest width: apex of basal segment: length

of 2nd segment: median length of 5th tergite.

—40:24:9:29:20." It is obvious that Perkins’

measurements were made in situ with the in-

version membrane (" 2nd segment”) just part-

ly extruded. We have relaxed the ovipositor.

It is very elongate (Fig. 11 ^); when fully

extended it measures about 9-46 mm. The

Fig. 11. Dacus {Strumeta) froggatti (Bez2 i). a, Wing;
b, extended ovipositor; r, apex of piercer.
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piercer is approximately 3.17 mm. long by

0.25 mm. wide at its widest point. The apex

is trilobed (Eig. 11 c). Two pairs of moderately

long and two pairs of short preapical setae

are present; the distal pair is about 0.06 mm.
from the apex of the piercer. The opening of

the oviduct is situated about 0.23 mm. from

the apex. The inversion membrane is about

3.87 mm. long by 0.44 mm. wide at its widest

point. The rasper extends to within 1.25 mm.
of the base of the segment. The basal segment

is 2.42 mm. long by 1.79 mm. wide measured

across its hind margin. The spiracles are sit-

uated 0.6 mm. from the anterior lateral mar-

gins of the segment.

The males have not previously been de-

scribed; they fit the description of the female

in most details. The following notes are sup-

plemental to Perkins’ description. Head: The

front is parallel sided, is about 1.5 times as

long as wide and about 0.8 as wide as one

eye. Thorax: The mesopleural stripe is rather

broad, is slightly wider than the notopleural

callus, and is continuous onto the upper por-

tion of the sternopleuron. The dark markings

on the mesonotum are usually indistinct or

lacking, the top of the thorax is predominantly

brownish red. Wings: As in Figure 11 ^. The

costal and basal cells are distinctly yellow

fumose. The costal band extends through

much of cell R3 but is yellow in this cell. The

brown band is confined to the wing margin.

Abdomen: Chiefly rufous or brownish red with

a narrow brown to black band across the base

of the third tergum. The narrow brown to

black median vitta is variable; in some spec-

imens it is well defined and extends over

terga three to five; in others it is interrupted,

or just a portion of it may be present on the

fifth tergum.

Length: Body, 8 .0-10.0 mm.; wings, 7.5-

8.5 mm.
TYPE locality: Bainka, Russell Group,

Solomon Islands.

Lectotype (designated by Perkins) in col-

lection of the Council for Scientific and In-

dustrial Research, Canberra, Australia.
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We have studied a series of specimens from

Amboina, Jan., 1908-May, I909 (F. Muir);

from Rabaul, New Britain, Oct.-Nov., 1949,

ex "Aila,” Inocarpus edults (N. L. H. Krauss);

Guadalcanal, Nov., 1944 (C. O. Berg); Te-

naru River, Guadalcanal, Jan., 1945 (G. E.

Bohart); Solomon Islands, July-Aug., 1909

(W. W. Froggatt).

Dacus (Strumeta) hochii (Zia), n, comb.

Fig. 12

Stmdacus hochii Tl'd., 1936, Chinese Jour. Zool.

2: 157.

Callantra {Sinodacus) hochii (Zia), Hering,

1952
,
Naturf. Gessell. in Basel, Verhandl.

63: 43.

This species has been considered as belong-

ing to a distinct subgenus (genus of authors)

under Callantra. It appears to us that this

should be treated under Dacus {Strumeta),

The abdomen is more noticeably stalked than

in most Strumeta, but in other details (as given

under our concept of Callantra) it more nearly

fits Dacus {Strumeta)i The antennae are typical

of this group; the first abdominal segment is

broader at its apex than at its base, and the

lateral humps are not unusually strong; the

abdomen is not as strongly arched, and the

sclerite between segments three and four is

straight. Zia defined her Sinodacus as having

no prescutellar bristles (based apparently upon
one specimen). The material which we have

studied, from the type locality, has prescutel-

lars. Hering (1952^.' 43) said that his spec-

imens, from Sumatra, had a prescutellar on
one side but not on the other.

The species is readily recognized by the

absence of postsutural yellow vittae on the

mesonotum, by the large brown spot covering

the apical portion of the wing (Fig. 12), and

by the transverse black band across the face.

The mesonotum is chiefly rufous with no

black markings and with a small yellow spot

in the median portion just behind the suture.

Length: Body and wings about 7.0 mm.
TYPE locality; Hainan, China.

Fig. 12. Dacus {Strumeta) hochii (Zia). Wing.

Location of type not known by us.

Hering (1952^.' 43) recorded this from

Sumba Island and Java. We have not seen

it from this region. Our specimen is from

Hainan Island, S. China, No-doa, Tan-Hsien

District, Mar. 18-22, 1935 (F. K. To).

Dacus (Strumeta) impunctatus

de Meijere

Dacus impunctatus de Meijere, 1914, Tijdschr.

V. Ent. 57: 188-189.

This species appears to fit very close to

D. mcgregori (Bezzi). From the original de-

scription it seems to difler by having the

thorax predominantly black. If it is a distinct

species it no doubt lacks the peculiar bulla on

the wing which is so distinctive of mcgregori.

Length: Body, 4.0 mm.; wings, 3.5 mm.
TYPE LOCALITY: Semarang, Java.

Type in the Zoologisch Museum, Am-
sterdam.

We have not seen this species.

Dacus (Strumeta) latifrons

(Hendel), n. comb.

Fig. 13

Chaetodacus latifrons Hendel, 1915, Mus. Nat.

Hungarici, Ann. 13: 425-426.

This species is readily recognized by its

all-rufous abdomen; by its broad front (ap-

proximately as broad as one eye and just

slightly longer than wide) (Fig. 13^), and by

having the costal band rather narrow but ex-

panded at the apex (Fig. 13^); also by the

very distinctive trilobed apex of the ovipositor.
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D. froggatti (Bezzi) and D. propinquus n. sp.

are the only other Strumeta which we have

studied which have this type of ovipositor.

The species has been adequately described by

Hendel and by Shiraki (1933: 63-66) except

for the details of the ovipositor.

Ovipositor: The basal portion {in situ) is

about equal or slightly shorter than the fifth

abdominal segment. The extended ovipositor

(Fig. I'bd) is 4.26 mm. long. The piercer

measures about 1.56 mm. long by 0.18 mm.
wide at its widest point. The preapical setae

are very small and inconspicuous and are

situated about 0.13 mm. behind the trilobed

apex (Fig. 13c). The oviduct opens about

0.26 mm. from the apex. The inversion mem-

brane is short and broad; it is about equal in

length to the piercer (1.56 mm.) and measures

about 0.5 mm. at its broadest point. The

rasper extends to within 0.5 mm. of the base

of the segment. The basal segment is slightly

wider than long, 1.14 mm. by 1.17 mm.
measured across the broadest point. The spi-

racles are situated about 0.28 mm. from the

anterior corners of the segment.

Length: Body, 6.0-7.0 mm.; wings, 5.0-

6.0 mm.
TYPE locality: Formosa.

Type in the Deutsches Entomologisches

Institut, Berlin.

On Formosa it has been recorded from

Solanum incanum L. and S. indicum L.

A large series is on hand from the following

localities and hosts in Malaya: Kuala Lumpur,

June-Aug., 1948, ex chilli, Solanum verhasci-

folium, S. sarmentosum, Baccurea motleyana, and

Ponderosa tomato (N. L. H. Krauss)
;
Serdang,

Selangor, Mar., 1949, ex tomato (N. L. H.

Krauss)

.

Opius incisi Silvestri were reared from some

of this material.

Dacus (Strumeta) limbiferus

(Bezzi), n. comb.

Fig. 14

Chaetodacus ferrugineus var. limbiferus Bezzi,

1919
,
Philippine Jour. Sci. 15(5): 424.

Fig. 13. Dacus {Strumeta) latifrons (Hendel). a. Front view of head; b, wing; c, apex of piercer; d, extended

ovipositor.
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Strumeta pedestris var. limbiferus (Bezzi) Per-

kins, 1938, Roy. Soc. Queensland, Proc.

49(11): 126.

This is a very distinct species from dorsalis

or any of the related forms. It is readily dis-

tinguished by the very broad costal band in

the wings (Fig. 14^), by the extremely long

ovipositor (Fig. 14^), and by the broadly

blackened apices of the femora. It has not

been adequately described in the literature.

male. Head: The front is about 1.5 times

as long as wide, the median portion is dis-

colored, and indistinct spots are present at

the bases of the frontal bristles. Two pairs of

inferior and one pair of superior fronto-orbital

bristles are present. The face has a large, ob-

long black spot on each side. The third an-

tennal segment is dark reddish brown to black

and is about equal in length to the face.

Thorax: Mesonotum chiefly black, with two

broad, postsutural yellow bands and a pair

of submedian, gray pollinose vittae extending

the full length. The scutellum is all yellow

except for a narrow band of black across its

base. Legs: Femora largely yellow, with brown

to black discolorations on their apical por-

tions; these areas are more extensively black-

ened ventrally. The front and middle tibiae

are yellow, colored with brown at their bases.

The hind tibiae are chiefly reddish brown.

The basal joints of the tibiae are yellow, the

apices are brown. Wings: Hyaline, except for

the broad costal band and the cubital streak.

The first two costal cells are devoid of micro-

trichia except at the apical portion of the

second. The costal band is dark brown and

extends through all of cell R3, crosses over

vein R4+5 at the wing apex, and extends about

halfway through cell R5 (Fig. 14^) . The cubital

streak fills the basal portion of cell M4. The
attenuated portion of the cubital cell is three

times as long as the distance from the apex

of the cubital cell to the wing margin. The
supernumerary lobe is distinctly developed.

Abdomen: The second and third terga have

black bands across their bases. Terga three

Fig. 14. Dacus {Strumeta) limbiferus (Bezzi). a, Wing;
h, extended ovipositor; c, apex of piercer.

to five have a broad, black median vitta ex-

tending longitudinally from the cross band

on three to about the middle of five. The

terga all have black markings on the sides.

Length: Body, 6. 5-7.0 mm.; wings, 6.0 mm.
FEMALE. Fitting the description of the male

in most details. The narrowed portion of the

cubital cell is less than two times as long as

the distance from the apex of the cell to the

wing margin. Ovipositor: The basal segment

is about 1.5 times as long as segment five.

The ovipositor is elongate and slender (Fig.

14^) ;
when fully extended it measures about

6.8 mm. The piercer measures about 2.33

mm. long by about 0.15 mm. wide at its

widest point. The preapical setae are very tiny

and are difficult to discern except under high

power (Fig. I4c). The setae are situated about

0.075 to 0.1 mm. from the apex of the piercer,

and the opening of the oviduct is about 0.21
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mm. from the apex. The inversion membrane

(eighth segment) is 2.55 mm. long by 0.23

mm. wide at its widest point. The rasper ex-

tends to within 0.67 mm. of the base of the

segment. The basal portion of the ovipositor

is 1.92 mm. long by 1.17 mm. wide at its wid-

est point. The spiracles are situated 0.4 mm.
from the base of the segment, measured on

the lateral margins.

Length: Body, 6. 5-7. 3 mm.; wings, 6.0-

6.5 mm.
TYPE LOCALITY: Panay, Antique Province,

Batbatan Island, Philippines.

Location of type: Bezzi said it was in his

collection. According to Horn and Kahle

(1935) his collection went to the Museo

Civico di Storia Naturale, Milan.

A large series of specimens have been stud-

ied from the following localities in the Philip-

pines, all reared from Dracontomehim dao fruit;

Madhum, Mindanao, Aug., 1950 (F. E. Skin-

ner); Penal Colony, Davao, Mindanao, Aug.,

1950 (Skinner); Bugo, Mindanao, Jan., 1950

(Skinner); Pangi, Mindanao, Sept., 1950

(Skinner); Gamalang, Mindanao, Sept., 1950

(Skinner); Lawayon, Davao, Mindanao, Mar.,

1950 (Skinner).

The following parasites were reared from

this species in the Philippine Islands: Opius

longicaudatus var., 0. skinneri Fullaway, 0.

fletcheri var., Pachycrepoidens duhius Ashmead,

Galesus sp.?, Spalangia sp.?, and Encyrtidae

genus and sp.?

Dacus {Strumetd) liizonae n. sp.

Fig. 15

This species runs to Dacus nigrotihialis (Per-

kins) in Perkins’ key (1938: 122) because of

the brown to blackish front and middle fem-

ora. It differs from this species in having the

face largely yellow, not dark brown to black;

by having the abdomen conspicuously marked

with yellow, not chiefly or entirely dark col-

ored; by having the basal segment of the

female ovipositor shorter than the fifth ab-

dominal segment, not longer; and by having

the yellow vittae on the mesonotum broader.

not pointed as in nigrotihialis (Fig. 15^).

This species is very closely related to D.

dorsalis Hendel, and only slight structural dif-

ferences have been found by which they can

be separated. The r-m crossvein is straight

and is distinctly shorter than in dorsalis. The
crossvein is approximately equal in length to

the basal section of vein M1+2 and is slightly

less than half as long as the section of M1+2

from the r-m to the m crossveins (Fig. 15<i).

In dorsalis the r-m is curved; it is about 0.33

longer than the basal section of M1+2 and

about 0.66 as long as that section from r-m

to m (Fig. 15^). The ovipositor is very similar

in the two species but apparently is slightly

smaller in luzonae. This species differs con-

siderably from dorsalis in coloration and is

easily distinguished by a number of charac-

teristics. D. luzonae has the front and middle

femora predominantly brown to black, not all

yellow; the postsutural yellow vittae on the

mesonotum end just before the inner supra-

alar bristles (Fig. 15^), not beyond them; the

facial spots are much more enlarged and ex-

tend to the oral margins (Fig. 15^); the sides

of the abdomen are more extensively black-

ened, and a large black spot is present on each

side of the fifth tergum (Fig. 15<:). The pol-

linosity of the mesonotum is also arranged in

a definite pattern (Fig. 15^?), not evenly dis-

tributed over the mesonotum as in dorsalis,

and the supraalar areas of the mesonotum are

black, outside of the yellow vittae, not rufous.

MALE AND FEMALE. Head: Front nearly twice

as long as wide with indistinct brownish spots

present at the bases of the bristles. The facial

spots extend over the lower one half to three

fifths of the antennal grooves, are broadened

on their lower portions, and extend to the

lower corner of the face (Fig. 1‘hb). The second

antennal segment is nearly twice as long as

the first. The third segment is 2.5 times as

long as the second and is dark brown to

black. The hind portion of the occiput is

brown to black. Thorax: The mesonotum is

predominantly black, with the gray pollinose

areas set off into a roughly H -shaped pattern
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Fig. 15. a-d. Dams {Strunieta) luzonae n. sp. a, Mesonotum; b, front view of head; c, abdomen; d, median
portion of wing, e, D. dorsalis Hendel, median portion of wing.

by shiny black lines extending longitudinally.

The yellow postsutural vittae narrow slightly

posteriorly (Fig. 15^). The scutellum is all

yellow except for a narrow band of black

across its base. The metanotum is entirely

dark, reddish brown to black. Legs: The front

femora are almost entirely brown to black,

yellowed only at their bases and apices. The
middle femora are yellow on the basal one

third to one half and on the extreme apices;

they are otherwise brown. The hind femora

are brown on the apical third, otherwise yel-

low. The tibiae are dark brown to black. The

tarsi are yellow except for the brownish apical

subsegments. Wings: Appearing to fit typical

dorsalis in all respects. The costal band is well

developed but does not extend below vein

Rs except at its apex. Abdomen: Like that of

dorsalis except for the large spots on the fifth

tergum and for the more extensively black-

ened lateral margins (Fig. 15c). Ovipositor: The

extended ovipositor is approximately 4.0 mm.
in length. The piercer is 1.27 mm. long by

0.2 mm. wide at its widest point. The preapical

setae are situated about 0.07 mm. from the

tip of the piercer, and the opening of the

oviduct is 0.23 mm. from the tip. The inver-

sion membrane is 1.43 mm. by 0.26 mm.;

the rasper extends to within 0.52 mm. of the

base of the segment. The basal segment (sev-

enth abdominal) is about 1.28 mm. by 1.0

mm.; the spiracles are situated about 0.23

mm. from the base of the segment, measured

on the side margins.

Length: Body, 6.0-7.0 mm.; wings, 5.0-

6.0 mm.

Holotype male, allotype female, and eight

paratypes (three males and five females) from

Luzon, Philippine Islands, Oct., 1947 (Q. C.

Chock). Host unknown.

The type and allotype are being deposited

in the U. S. National Museum. The paratypes

are being distributed in the following collec-

tions: Bernice P. Bishop Museum, Territorial

Board of Agriculture and Forestry, Hawaiian

Sugar Planters’ Association, and the Univer-

sity of Hawaii.
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Dacus (Strumeta) mcgregori

(Bezzi), n. comb.

Fig. 16

Chaetodacus mcgregori Bezzi, 1919, Philippine

Jour. Sci. 15(5): 426, pL 1, fig. 7.

This species is distinguished from all other

Dacus {Strumeta) known from the Philippines

by its all-yellow face, by the peculiar bulla on

the male wing developed above the cubical

vein (Fig. 16^3^), and by the unusually short

antennae (Fig. 16^).

MALE AND FEMALE. The front is slightly

discolored in the median portion but has no

spots at the bases of the bristles; it is approx-

imately twice as long as wide. Two pairs of

inferior fronto-orbitals and one pair of supe-

rior fronto-orbital bristles are present. The

third antennal segment is brownish red, just

slightly more than twice as long as wide and

much shorter than the face (Fig. iGb). The

Fig. 16. Dacus {Strumeta) mcgregori (Bezzi). a. Ex-

tended ovipositor; b, antenna; c, apex of piercer; d,

wing.

PACIFIC SCIENCE, Vol. VIII, April, 1954

third segment is very slightly longer in the

female than in the male. The face is straight

or nearly so in profile. The face and the occi-

put are all yellow. Thorax: Entirely rufous or

yellow except for the following brown to

black areas: Narrow hind margin of scutellum,

entire metanotum, and lower portion of meta-

pleura, the hypopleura, the median portion of

the pteropleura, the upper edge of the sterno-

pleura, and the lower front corner of the meso-

pleura. The portion directly behind the humeri

is yellow, the area between the humeri and

the notopleura is chiefly rufous, not clear yel-

low. The two postsutural yellow vittae are

tapered posteriorly and end at or slightly be-

fore the inner supraalar bristles. Legs: Yellow,

with faint brownish discolorations on the hind

tibiae. Wings: Chiefly hyaline. The costal band

is comparatively narrow and extends to the

apex of vein M1+2; the costal band does not

extend into cell R3 except at its apex. The

first costal cell and the basal portion of cell

R are faintly yellowish fumose but are bare of

microtrichia. The second costal cell is covered

with microtrichia. The r-m crossvein is straight

and is less than 0.5 as long as that portion of

vein Mi+2 from the r-m to the m crossveins.

The cubital streak is faint yellow brown and

confined chiefly to the bulla in the male (Fig.

16^). In the male, the narrowed portion of

the cubital cell is twice as long as that portion

from the apex of the cell to the wing margin;

in the female, of about equal length. Abdomen:

Predominantly rufous. The second tergum

has an indistinct stripe of black across the

median basal portion. The third tergum has

a complete band of black across its base. The

third and fourth terga have a median black

vitta extending longitudinally; this is some-

times interrupted by rufous on the hind por-

tion of the fourth segment; the fourth tergum

also has a large black spot at each anterior

lateral margin. Ovipositor: Very short (Fig.

16^). The visible portion {in situ) is less than

0.5 as long as the fifth abdominal segment.

The extended ovipositor measures about 2.4

mm. The piercer and the inversion membrane
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each measure about 0.78 mm.; the former is

about 0.14 mm. at its widest point, and the

latter is about 0.21 mm. The preapical setae

are tiny and inconspicuous, visible only under

high power (Fig. I6c); they are situated about

0.07 mm. from the apex of the piercer. The

opening of the oviduct is located about 0.2

mm from the apex. The rasper extends to

within 0.15 mm. of the base of segment eight.

The basal segment (seven) is 0.86 mm. long

by 0.73 mm. wide at its widest point; the

spiracles are situated about 0.18 mm. from

the base of the segment, measured along the

lateral margins.

Length: Body, 5. 0-5. 5 mm.; wings, 4.5-

5.0 mm.
TYPE LOCALITY: Panay, Antique Prov.,

Batbatan Island, Philippine Islands.

Bezzi said the type was in his collection.

According to Horn and Kahle (1935), his

collection went to the Museo Civico di

Storia Naturale, Milan.

No specimens have been seen from the

Philippines, but a good series are on hand

from Singapore, Malaya, May, 1949, ex

Gnetum gnemon (N. L. H. Krauss).

Dams {Strumeta) muiri n. sp.

Fig. 17

This species is very close to D. dorsalis and

can be separated only by the ovipositor. The
ovipositor is very broad compared to its

length, and the apex is abruptly narrowed

beyond the oviduct. (Compare Figs. 17^

and 8c.)

FEMALE. Head: The front, measured from

the lower ocellus to the antennae, is about

1.5 times as long as wide; it is approximately

equal in width to one compound eye. Two
pairs of inferior fronto-orbital bristles and one

pair of superior fronto-orbitals are present.

The large black spots on the face are oval in

shape. The third antennal segment is dis-

colored with brown and is approximately four

times as long as wide. Thorax: Colored as in

dorsalis except that the postsutural yellow vit-

tae end at, or slightly before, the inner supra-

alar bristles. Legs: The tibiae are all brownish

red; the femora are yellow tinged with red;

they are darker in color than is typical of

dorsalis; the specimen at hand may be slightly

discolored in this respect. Wings: Very similar

in most respects to those of dorsalis, except

that the costal band extends through a por-

tion of cell Rs throughout its length, as in

the variety occipitalis. On the specimen at hand

an extra crossvein is present in about the

middle portion of cell R3 ;
this is present on

both wings, but the specimen may be a freak

in this regard. Abdomen: Very similar to dor-

salis except that the third segment is almost

entirely reddish brown to blackish on the

dorsum. Ovipositor: When fully extended (Fig.

17^), the ovipositor measures approximately

4.31 mm. The piercer measures about 1.17

mm. by 0.28 mm. The apical portion is very

abruptly narrowed beyond the oviduct (Fig.

17^). The distal setae are situated about 0.08

mm. from the apex of the piercer; two mod-
erately large and two very small setae are

present. The opening of the oviduct is located

about 0.15 mm. from the apex. The inversion

membrane is about 1.58 mm. long by 0.44

mm. wide at its widest point. The rasper ex-

tends to within about 0.42 mm. of the base

Fig. 17. Dacus {Strumeta) muiri n. sp. a. Extended
ovipositor; b, apex of piercer.
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of the segment. The basal portion of the

ovipositor is 1.56 mm. long by about 1.4

mm. wide at its widest point. The spiracles

are situated about 0.62 mm. from the anterior

lateral margins of the segment.

Length: Body, 7.5 mm.; wings, 6.0 mm.
Male unknown.

Holotype female is labeled "Pontianak,

Borneo, F. Muir.” The type has been returned

to the Hawaiian Sugar Planters’ Association

collection.

Dacus (Strumeta) nigrotibialis

(Perkins),' n. comb.

Fig. 18

Strumeta nigrotibialis Perkins, 1938, Roy. Soc.

Queensland, Proc. 49(11): 129-130, fig. 7.

This species is readily recognized by its

predominantly blackish coloration as stated

in the key and as discussed in the comparison

with D. luzonae n. sp. The species has been

adequately described by Perkins except for

the details of the ovipositor.

Ovipositor: The basal portion {in situ) is just

slightly longer than the fifth abdominal seg-

ment. The extended ovipositor (Fig. 18^)

measures approximately 4.37 mm. The piercer

is 1.35 mm. long by 0.15 mm. wide at its

widest point. The opening of the oviduct is

situated about 0.25 mm. from the apex of the

piercer, and the preapical setae are 0.07 from

the apex (Fig. 18c). The inversion membrane

is 1.77 mm. by 0.26 mm., and the rasper ex-

tends to within 0.6 mm. of the base of the

segment. The basal segment is 1.25 mm. by

1.0 mm., and the spiracles are situated 0.28

mm. from the anterior corners of the segment.

Length: Body, 6.0-7. 5 mm.; wings, 5.5-

6.0 mm.
TYPE locality: Larut Hills, Perak, Malaya.

Type in the Selangor Museum.
We have studied two paratypes.

Dacus (Strumeta) nigrotibialis

var. lata (Perkins), n. comb.

Strumeta nigrotibialis var. lata Perkins, 1938,

PACIFIC SCIENCE, Vol. VIII, April, 1954

Fig. 18. Dacus {Strumeta) nigrotibialis (Perkins), a,

Mesonotum; b, extended ovipositor; c, apex of piercer.

Roy. Soc. Queensland, Proc. 49(11): 130-

132, fig. 3.

Perkins separates this from the typical form

by the broader costal band, filling almost all

of cell R3. He also says it differs by having

the occiput fulvous, the postsutural yellow

stripes broader, and by its larger size.

Length: Body, excluding ovipositor, 9-0

mm.; wings, 7.5 mm.
TYPE locality: Kedah Peak, Malaya.

Type in the Selangor Museum.

We have not seen this variety.

Dacus (Strumeta) obscuratus de Meijere

Dacus ferrugineus var. obscurata de Meijere,

1911, Tijdschr. v. Ent. 54:
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Dacus obscuratus de Meijere, 1914, Tijdschr.

V. Ent. 57: 189.

This species apparently is related to D.

dorsalis Hendel and differs by having no post-

sutural yellow vittae on the mesonotum. In

this regard it would fit close to D. tillyardi

(Perkins), but it lacks the infuscation along

the crossveins.

Length: Body and wings, 5.0 mm.
TYPE LOCALITY: Enkhuizen Island, near

Batavia, Java.

Type in the Zoologisch Museum, Am-
sterdam.

We have not seen this species.

Dacus (Strumeta) pectoralis Walker

Fig. 19

Dacus pectoralis Walker, 1859, Linn. Soc. Lon-

don, Proc. 3: 114 (nec Dacus pectoralis

Walker, 1861, Ent. Soc. London, Trans,

(n.s.) 5: 322, synonym of Dacus (Dacus)

hivittatus cucumaris Sack).

This species has never been properly placed

and has commonly been treated as a synonym

of D. hivittatus (Bigot) (armatus of authors)

based upon D. pectoralis Walker 1861 not

1859. Dr. K. L. Knight studied the type in

the British Museum and supplied the details

which have enabled us to place this as a

Strumeta related to D. nigrotihialis (Perkins),

luzonae n. sp., and parvulus Hendel. It is dis-

tinguished from the former by its chiefly yel-

low face and by having a pale band on the

apex of the second abdominal segment. It is

distinguished from luzonae by having the ab-

domen all black except for the pale band on
the second segment, by having small facial

spots and three pollinose stripes extending

down the mesonotum. Aside from the sub-

generic characters and the details referred to

above, Dr. Knight reported that the scutellum

is all pale; a pair of spots is present below the

antennae; the wings are marked as in dorsalis;

the legs are dark colored; the first tarsal seg-

ment is paler; the mesonotum is chiefly black

with two postsutural yellow vittae. "The spe-

cies is really quite close to dorsalis. It is

slightly larger, darker; abdomen marked dif-

ferently."

D. pectoralis appears to be very close to D.

parvulus (1912: 21-22) from Formosa

and India (Philip, 1950: 32). From the original

descriptions, from Dr, Knight’s notes on the

type of pectoralis and Shiraki’s description of

parvulus (1933: 54), we are unable to find

satisfactory characters for separating these.

They do appear to differ in size; the body

length of D. parvulus is 4.0-5.0 mm., whereas

that of pectoralis is 6.5 mm.; this range is,

however, too slight to be of particular im-

portance. A careful comparison of the two

will be necessary before their relationship can

be clearly understood.

Two males and one female are on hand

which may possibly be pectoralis; they fit the

descriptions in most details; they are briefly

described as follows. Head: Two pairs of in-

ferior fronto-orbital and one pair of superior

fronto-orbital bristles are present. The front

is twice as long as wide and is parallel sided.

The facial spots are moderate in size, are as

wide as the third antennal segment, and are

oblong in shape. The third antennal segmens

is reddish brown and is about 3.5 times as

long as wide. Thorax: The mesonotum is en-

Fig. 19. Dacus {Strumeta) pectoralis Walker, a, Ex-

tended ovipositor; h, apex of piercer.
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tirely black except for a very narrow, abbre-

viated, postsutural yellow vitta on each side.

The humeri are black along their inner edges.

Legs: The femora are chiefly rufous, the front

pair is slightly discolored with brown; the

others have brownish discolorations on the

dorsal surfaces, near the apices. The front

tibiae are yellow, the others are brown. Wings:

The costal cells are faintly yellowish fumose.

The second is almost entirely covered with

microtrichia, only the basal portion is bare.

The costal band is rather narrow, it does not

extend into cell R3 except along the wing

margin, and is not expanded at the apex.

Abdomen: All black except for a narrow yellow

to rufous band at the apex of the second

tergum. Ovipositor: (Fig. 19) The basal por-

tion is equal in length to abdominal segments

four and five.

Length: Body, excluding ovipositor, 7.0

mm.; wings, 6.5 mm.
TYPE locality: Aru Islands.

Type in the British Museum.

The specimens described above are from

Amboina, Oct., 1907 (F. Muir).

Dacus (Strumeta) pedestris

(Bezzi), n. comb.

Fig. 20

Chaetodacus ferrugineus var. pedestris Bezzi,

1913, Philippine Jour. Sci. 8: 322.

This species is closely related to D. dorsalis

Hendel and is often difficult to differentiate

except by comparison of the ovipositors. The

color characters which have been used to

separate pedestris from dorsalis are somewhat

variable and cannot be wholly relied upon.

A series of specimens on hand from the Philip-

pines and from Malaya appears to be pedestris,

except that they do not always possess the

broad black rings at the apices of the femora

which were mentioned by Bezzi. Perkins

(1938) does not refer to this character in his

discussion of this species. Perkins said that

pedestris differs from dorsalis "in having the

occiput black, or very dark brown, with a

Fig. 20. Dacus {Strumeta) pedestris (Bezzi). a. Ex-

tended ovipositor: b, apex of piercer.

narrow fulvous border, the propleura mostly

black, the coxae and trochanters either dark

brown or black, fore and hind tibiae either

dark brown or black, usually an oval patch

on the outside of the fore femora and the

postscutellum entirely black.” The color of

the occiput appears to be of little or no value

in this case as it is often discolored with brown

to black in dorsalis. The anterior sclerite of

each propleuron is discolored with brown to

black in the large majority of the specimens

of pedestris on hand and is typically rufous or

yellow in dorsalis. The yellow-brown to black

anterior and middle coxae and trochanters of

pedestris appear to be useful in separating the

species. These segments are paler, usually

clear yellow in dorsalis. The front and hind

tibiae are predominantly dark brown to black

in pedestris, and the middle pair are discolored

with brown to black on the basal one third

to one half. Typical dorsalis have the front

and middle tibiae chiefly yellowish, the mid-

’dle pair are narrowly discolored with brown

to black near their bases, and the front pair

often are discolored along the outside edges.

The hind tibiae of dorsalis are more yellow
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brown but vary considerably in the intensity

of the discoloration and are often blackish.

The black spot on the front femora is often

present in pedestris but is not a constant char-

acter. The postscutellum varies from all black

to rufous in the central portion and is ap-

parently of no value in distinguishingpedestris.

The ovipositors of the two species are sim-

ilar iri shape and general characteristics but

differ in length. The difference is readily de-

tected by making measurements or by com-

parison of slide mounts. In situ the basal seg-

ment of the ovipositor is slightly longer than

the fifth abdominal segment in pedestris and

is approximately three fourths as long as this

segment in dorsalis. The extended ovipositor

is approximately 6.0 mm. long in pedestris and

is 4. 5-4.7 mm. in dorsalis. The piercer meas-

ures approximately 2.0 mm. in pedestris and

1.5 mm. in dorsalis. The inversion membrane
is about 2.35 mm. long in pedestris and 1.7

mm. in dorsalis. The rasper extends to within

about 0.88 mm. of the base of the segment

in pedestris and to within about 0.52 mm. in

dorsalis. The basal segment of the ovipositor

is about 1.56-1.7 mm. long by about 1.0 mm.
wide at the widest point in pedestris. In dorsalis

the basal segment is 1.3-1.35 by 0.9 mm. The

other details of the ovipositor are very similar

in the two species (compare Figures 8^ and

20^). The more elongate and slender basal

segment ofpedestris is very useful in separating

these species.

Length: Body, 7.0-7. 5 mm.; wings, 6.5 mm.
TYPE LOCALITY: Philippine Islands. No

specific locality given.

The type was deposited in the C. F. Baker

collection. University of the Philippines. A
specimen is in the U. S. National Museum la-

beled "Mt. Makiling, Luzon, Baker” and ”72.”

Numerous specimens are in the collection

at hand from the following localities and

hosts:

Malaya: Balik Pulau, Panang I., Aug.,

.1948, ex methyl eugenol bait trap; Singapore,

Dec., 1948 to May, 1949, ex Achras sapota

(R. E. Holttum), Artocarpus polyphema?, Arto-

carpus dadah, and Psidium guajava (N. L. H.

Krauss); Serdang, Selangor, Sept., 1948-

March, 1949, on ”Chiku fruit” (R. J. A. W.
L.), ex lime ”Limau Rapas,” Achras sapota,

Nephelium lappaceum, and tomato (N. L. H.

Krauss); Kwantan, Pahang, Aug., 1948, ex

Psidium guajava and chilli (N. L. H. Krauss)

;

Kuala Lumpur, Aug.-Sept., 1948, ex chilli,

carambola, and Mangifera foetida (N. L. H.

Krauss); Malacca, Feb., 1949, ex Psidium gua-

java (N. L. H. Krauss); Serembar, Negri Sem-

bilan, Feb., 1949, ex Psidium guajava (N. L.

H. Krauss).

Philippine Islands: Mintal, Mindanao, Feb.-

March, 1950, ex cashew, guava, breadfruit,

carambola, and tomato (F. E. Skinner); Toril,

Davao Prov., Mindanao, Feb., 1950 (Skin-

ner); Lawayon, Mindanao, Sept., 1950, ex

tomato (Skinner)
;
Tagoloan, Mindanao, June,

1950 (Skinner); Los Banos, Laguna, July,

1930 (F. C. Hadden) and May, 1921 (F. X.

Williams).

Borneo: Papar, Feb., 1951, ex mango (F.

E. Skinner); Tamparuli, Jan., 1951, ex methyl

eugenol traps (E. E. Skinner), and Buitenzorg,

Java (F. Muir).

The following parasites were reared from

this species: from Malaya— manii Ful-

laway, 0. incisi Silvestri, and 0. longicaudatus

malayensis Fullaway; from the Philippine Is-

lands— 0. skinneri Fullaway.

Dacus (Strumeta) persignatus

(Hering), n. comb.

Strumeta persignata Hering, 1941, Arb. fiber

Morph, u. Taxonom. Ent. 8(1): 27-28,

fig. 1.

This species appears to be very closely re-

lated to D. cucurhitae Coquillett and is differ-

entiated by having a very broad costal band

which extends through all of cell R3 around

the wing margin to the apex of vein M1+2,

also by the brown infuscation extending from

the costal band over the r-m crossvein and by

the presence of just two pairs of inferior

fronto-orbital bristles. Hering allies it to D.
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apicalis de Meijere which differs by having a

large apical spot in the wing, siiort yellow

postsutural stripes, and by lacking infuscation

over the crossveins.

Length: Wings, 5. 5-6.0 mm.
TYPE LOCALITY: Elores.

Type in the Deutsches Entomologisches

Institut.

We have not seen this species.

Dacus (Striimetd) propinquus n. sp.

Fig. 21

This species resembles D. dorsalis very close-

ly and can be satisfactorily separated there-

from only by the structure of the ovipositor.

The costal band is broader than in typical

dorsalis but is just slightly more developed

than in dorsalis var. occipitalis (Bezzi). The
palpi in both sexes ofpropinquus appear to be

comparatively more slender and parallel sided

than in dorsalis, and the cubital cell is con-

sistently shorter in all the specimens on hand;

the narrowed portion of the cubital cell, com-

pared to the portion from the apex to the wing

margin, is about 37:20 (marks on our mi-

crometer) in the female and about 38:15 in

the male, as compared to 31:33 in the dorsalis

female and 35:18 in the male. We do not feel,

however, that these characters can be relied

upon; they appear to be quite variable when
studied through a long series of specimens.

There appear to be some slight differences

in the male genitalia. The peculiar trilobed

apex of the ovipositor will distinguish this

from all known related species. This is the

first time we have seen this character in a

Dacus {Strumeta) except for D. froggatti (Bezzi)

and D. latifrons (Hendel)
;

in this respect

propinquus resembles D. {Zeugodacus) trimacu-

latus n. sp. (Fig. 2^d).

In the senior author’s preliminary reports

(unpublished) on the fruit flies which were

collected in Borneo in connection with the

biological control of the Oriental fruit fly

project, these specimens were confused under

dorsalis. After more critical examination they

were found to be a distinct species.

Fig. 21. Dacus (Strumeta) propinquus n. sp. a, Wing;
b, extended ovipositor; c, apex of piercer.

FEMALE. Head: Front about 1.75 times as

long as wide and with indistinct brownish

spots at the base of the frontal bristles. There

are two pairs of inferior fronto-orbital bristles

and one pair of superior fronto-orbitals. The

facial spots are large and oval in shape. The

third antennal segment is slightly longer than

the face; the hind portion of the occiput

varies in coloration from entirely yellow rufous

to brownish. Thorax: Mesonotum predom-

inantly black; lightly gray pollinose; the post-

sutural yellow vittae are comparatively broad

and extend to just beyond the inner supraalar

bristles; the supraalar areas to the side of the

yellow vittae are black. Scutellum all yellow

except for a narrow band of black across the

base. The metanotum is predominantly black,

slightly reddish in the median portion. Legs:

Femora chiefly yellow to rufous; the front

pair have a black spot on the upper apical

portion. The tibiae are reddish brown; the

tarsi are yellow except for the brownish apical
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subsegments. Wings: The costal band is com-

paratively broad and extends below vein R3

along its entire length. The band is very

slightly enlarged apically (Fig. 2\d). The r-m

crossvein is slightly curved, about 0.75 as long

as that section of M1+2 between the r-m and

the m crossveins and distinctly longer than

the basal section of vein M3-f-4 (Fig. 2\d).

Abdomen: Yellow to rufous. It has a black

band across the basal portion of segments two

and three and a median black vitta extending

longitudinally from the base of segment three

to the apex of five. The sides of the abdomen

are also somewhat blackened. Ovipositor: When
fully extended (Fig. 2\h') it measures approx-

imately 6.57 mm. The piercer measures about

2.2 mm. by 0.23 mm. The apical portion is

characteristically trilobate (Fig. 21c). The setae

are small and inconspicuous; four equal-size

setae are present, approximately 0.075 mm.
from the apex of the piercer. The oviduct

opens about 0.28 mm. from the apex. The

inversion membrane measures approximately

2.36 mm. by 0.36 mm. The rasper extends to

within 1 mm. of the base of the segment. The

basal segment of the ovipositor (segment 7)

is 2 mm. by 1.45 mm. measured across its

base. The spiracles are situated 0.42 mm. from

the base measured on the lateral margins of

the segment.

Length: Body, 6. 5-7.0 mm.; wings, 6.0-

6.5 mm.
MALE. Fitting the description of the female

in all respects except for the genital characters

and the secondary sexual characters as given

in the introduction above.

Holotype female, allotype male, and 23

paratypes (8 males and 15 females), from

Tagap, North Borneo, 2,000 ft. elev., ex Gar-

cinia sp..^, "Acab-bacob,” Jan., 1951 (F. E.

Skinner); Singapore, Apr., 1949, ex Garcinia

laueana (N. L. H. Krauss); Makiling, Philip-

pine Islands, Feb., 1921, ex Sideroxylon (F. X.

Williams)

.

The type, allotype, and a series of paratypes

are being deposited in the U. S. National

Museum collection. The remainder of the

paratypes are in the following collections:

Bernice P. Bishop Museum, Hawaiian Sugar

Planters’ Association, British Museum (Nat-

ural History), and the University of Hawaii.

Dacus (Strumeta) tillyardi

(Perkins), n. comb.

Strumeta tillyardi Perkins, 1938, Roy. Soc.

Queensland, Proc. 49(11): 131-132, fig. 6.

This species is distinguished from all re-

lated Strumeta by lacking postsutural yellow

vittae. Perkins {pp. cit., p. 122) in his key to

the species places this with mcgregori as having

no markings on the wings except the costal

band and the cubital streak. In his figure and

in his description he indicates that both the

r-m and the m crossveins are infuscated. His

key is also misleading in that he keys both

mcgregori and tillyardi as having the "scutellum

not entirely yellow.” This would indicate to

us that it probably has an apical black spot

or a median discoloration. He was referring

instead to the narrow band of black across

the base of the scutellum. This character is

of questionable value; almost all fully hard-

ened specimens of Dacini possess this.

Length: Body, 6.0-6. 5 mm.; wings, 5.0-

5.5 mm.
Known only from the female so there is

some question as to its true subgeneric

position.

TYPE locality: Selangor, Malaya.

Type probably in the Selangor Museum.

We have not seen this species. A specimen

is on hand (labeled "Ambon, 2-08,” probably

collected by F. Muir) which fits near tillyardi.

It probably is an undescribed species, but

inasmuch as the specimen is teneral it is not

being named at this time. The specimen is

predominantly pale; the mesonotum is red-

dish brown, and the abdomen is all rufous.

The only transverse marking on the wing is

a faint infuscation along the r-m crossvein.

The costal band is faintly infuscated and does

not extend beyond the tip of vein R4+5.
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Dacus (Strumeta) transtillum

(Hering), n. comb.

Strumeta transtillum Hering, 1952, Treubia

21(2): 265-266, fig. 1.

This appears to be closely related to D.

cucurhitae Coquillett but is readily separated

by the black transverse band across the face

and by the narrow costal band in the wing;

the band does not extend into cell R3 except

at the apex.

Length: Wing, 5.3 mm.
We have not seen this species; it is known

only from the type female,

TYPE locality: Idjen, E. Java, host un-

known.

Type in the Leiden Museum.

Dacus (Strumeta) umbrosus Fabricius

Fig. 22

Dacus umbrosus Fabricius, 1805, Syst. Anti.,

274.

Dacus fascipennis Wiedemann, 1819, Zool.

Mag. 1(3): 28.

Bactrocera fasciatipennis Doleschall, 1856, Na-

tuurk. Tijdschr. v. Nederland. Indie 10:

412.

Dacus conformis Walker, 1857, Linn. Soc. Lon-

don, Proc. 1: 34.

Dacus frenchi Froggatt, 1910, Linn. Soc. N.

S. Wales, Proc. 35: 866 (specimens from

Java, not New Caledonia).

This species is readily recognized by the

presence of three transverse bands across the

wing (Fig. 22a), by the all-yellow or rufous

scutellum, and by the presence of just two

pairs of inferior fronto-orbital bristles. It

is closely related and is possibly conspecific

with D. frenchi Froggatt (1909: 92). Bezzi

(1919: 417) and others have considered D.

frenchi to be a synonym of D. umbrosus Fabri-

cius. Perkins (1939: 13) regarded them as

distinct species which can be separated on

the basis of size, color of abdomen, and by

the position of the r-m crossvein. The writers

have not studied specimens from New Cale-

Fig. 22. Dacus {Strumeta) umbrosus a. Wing;
b, extended ovipositor; c, apex of piercer.

donia or New Hebrides so cannot confirm

Perkins’ conclusions. Specimens of Dacus um-

brosus are on hand, however, from a wide

range extending from Malaya through the

Netherlands Indies, the Philippines, New
Guinea, and New Britain. Specimens from '=

the Philippines possess the black lateral mark- ^

ings on abdominal terga three and four which, r

Perkins says, distinguish frenchi. They range

in size, however, from about 7.0 to 8.0 mm.
for the males, instead of 8. 5-9-5 mm. The

writers have not been able to detect significant

differences in the position of the r-m cross-

vein and doubt the taxonomic importance of

the slight degree of difference in umbrosus and

frenchi which has been noted by Perkins. '

The ovipositor has not been described pre-
’

.

viously. The visible portion of the ovipositor
,

is about equal in length to the fourth and j

is equal in length to the fifth. The extended
>

|

ovipositor (Fig. 22b) is approximately 6.7 mm. ir
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long. The basal segment is 1.8 mm. long by

1.2 mm. wide at its broadest point. The in-

version membrane measures approximately

2.8 mm. by 0.36 mm. The rasper extends to

within 0.88 mm. of the base of the segment.

The piercer is about 2.1 mm. long by 0.21

mm. wide at its widest point. The tip of the

oviduct is very near the apex of the piercer;

it extends to the proximal pair of setae or

about 0.05 mm. from the apex of the piercer.

The two distal pairs of setae are much strong-

er than the proximal pair and extend to or

beyond the tip of the piercer. The apex of the

piercer is characteristically rounded (Fig. 22c).

TYPE locality: Sumatra.

Type in the Zoologisk Museum, Copen-

hagen.

A large series of specimens are in the pres-

ent collection from the following localities

and hosts.

Malaya: Kuala Lumpur, Feb., 1948-Feb.,

1949
,
ex Artocarpus polyphema and A. integri-

folia and in citronella traps (N. L. H. Krauss)

;

Malacca, Feb., 1949 (no host) (Krauss); Ser-

dang, Selangor, June, 1948, ex Artocarpus

integrifolia (Krauss)

.

Philippine Islands: Mintal, Mindanao, Feb.,

1950
,
ex jakfruit (F. E. Skinner); Dumaguete

City, Negros Oriental Prov., Apr., 1950, ex

jakfruit (F. E. Skinner); Los Banos, July, 1921

(F. X. Williams and F. C. Hadden).

Borneo: Tamparuli, Jan.-Aug., 1951, ex

Momordica charantia and Artocarpus Integra

and trapped by methyl eugenol bait (G.

Angalet and F. E. Skinner).

The following parasites were reared from

this species: from Malaya

—

Optus sp..^, Ta-

chinaephagus spp.?, Tryhliographa dad Weld,

Pseudeucoila sp..^, and Palinothrix sp..^; from

Borneo— 0. angaleti Fullaway.

Dacus (Zeugodacus) Hendel

Dacus {Zeugodacus) Hendel, 1927, in Lindner,

Die Fliegen der Palaeark. Reg. 49, Trypeti-

dae: 26.

Zeugodacus Hendel, Shiraki, 1933, Taihoku

Imp. Univ., Faculty Sci. and Agr., Mem.
8, Ent. 2: 78.

Zeugodacus Hendel, Perkins, 1937, Roy. Soc.

Queensland, Proc. 48(9): 55, and 1938,

49(11): 137.

This subgenus is differentiated from Dacus

{Strumeta) only by the presence of four scutel-

lar bristles rather than two.

GENOTYPE : Dacus {Zeugodacus) caudatus

Fabricius.

KEY TO SPECIES OF DaCUS (ZeUGODACUS)

1. Two postsutural yellow vittae on meso-

notum 2

Three postsutural yellow vittae on meso-

notum 3

2. Faceblack. (Celebes) . . terminiferWalker

Face yellow, with the usual black spots

in antennal furrows. (Malaya)'

pendleburyi (Perkins)

3. Wings hyaline, except for costal band

and cubital streak (except possibly for

a brownish spot at apex of vein M3+4)

6

The m crossvein infuscated . 4

4. Face entirely yellow. Front femora chiefly

reddish brown. Anterior median portion

of mesonotum black. (Philippine Is-

lands) .mundus (Bezzi)

Face with the usual black spots. Front

femora chiefly or entirely yellow to ruf-

ous. Anterior median portion of meso-

notum brownish red 5

5. Costal band greatly enlarged apically,

entire apical fourth of wing, through cell

M2 ,
infuscated; infuscation continuing

over m crossvein and extending basad

along vein M3+4. (Celebes)

emittens Walker

Costal band not so enlarged and not con-

tiguous with infuscation on m crossvein
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and without infuscation along M3 f4 -

(Java) caudatus Eabricius

6. Humeral and notopleural calli joined by

a broad yellow band. (Philippine Is-

lands) tetrachaetus (Bezzi)

Not as above 7

7. Scutellum all yellow, or with but a nar-

row band of black at base 8

Scutellum with a black spot at apex or

with a broad black basal band extending

almost 0.5 its length 11

8. Face shining black. (Java)

limbipennis Macquart

Face chiefly yellow 9

9. Face with a black spot in each antennal

furrow 10

Face with a transverse band of black

across lower portion (Fig. iGd). (Java,

Malaya) .... maculipennis (Doleschall)

10. Costal band dilated into a distinct apical

spot (Fig. 2‘bh'). (Widespread over the

Orient and southwest Pacific)

hageni de Meijere

Costal band not expanded. (Borneo) . . .

diaphoropsis (Hering)

11. Scutellum with a black spot at apex.

Femora chiefly yellow 12

Scutellum with a broad black basal band.

Legs predominantly brown to black.

(Timor) timorensis (Perkins)

12. Costal band not markedly expanded at

apex (Fig. 29c). Humeral calli black bor-

dered, at least apically. If costal band is

slightly expanded, median portion of face

is black 13

Costal band dilated into a large spot in

apex of wing. Humeral calli surrounded

by a reddish area. (Philippine Islands).

pubescens (Bezzi)

13. Black facial spots in antennal furrows

extend to oral margin, connected on me-

dian portion of face by a black mark
extending through transverse furrow.

Costal band slightly dilated apically.

(Malaya) maculatus (Perkins)

Facial spots not extending to oral mar-

gin, not connected in middle of face, if

median portion of face is black the spot

is isolated (Fig. Costal band not

at all expanded 14

14.

Costal band very narrow and extending

only to apex of vein R4+5. Front portion

of mesonotum, between the humeri, red-

dish. Larger species, body 8.0-9 .

5

rnm.

(Philippine Islands) .trimaculatus n. sp.

Costal band rather broad, extending half-

way through cell R5 at apex of wing.

Front portion of mesonotum black.

Smaller species, body, 5 .0-5 . 5mm. (Phil-

ippine Islands) scutellinus (Bezzi)

Dacus (Zeugodacus) caudatus Fabricius

Fig. 23

Dacus caudatus Fabricius, 1805, Syst. And.,

276 .

This species has often been erroneously

recorded from many world areas (including

the Philippines) where it apparently does not

occur. It is obvious that most of the references

to D. caudatus in the literature should actually

pertain Co D. hageni de Meijere. To clarify

this situation, we feel that it is appropriate

to discuss caudatus with the Philippine Dacini.

It is differentiated from hageni by the presence

of a brown cross band extending over the m
crossvein (Fig. 23c). Refer to our notes under

D. {Zeugodacus) hageni de Meijere. It appears

to fit the characteristics of hageni other than

for the wing and the ovipositor (Fig. 2'bh).

Ovipositor: The exposed portion, in situ, is

slightly longer than the combined lengths of

segments four and five. The extended ovi-

positor (Fig. 23^5^) measures about 5.5 mm.
The piercer measures about 1.8 mm. by 0.21
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Fig. 23. Dacus {Zeugodacus) caudatusVdhnc'ms. a, Ex-

tended ovipositor; b, apex of piercer; c, wing.

mm. at its widest point. The oviduct opens

about 0.15 mm. from the apex, and a median

groove extends from the opening almost to

the tip. The preapical setae are situated very

close to the apex, within about 0.02 mm.;
the two distal pairs of setae are large and

extend well beyond the apex of the piercer;

the two proximal pairs are tiny. The apex is

broad and indistinctly trilobed (Fig. 23b).

The inversion membrane (eighth segment) is

about 2.2 mm. long by 0.42 mm. wide at its

widest point; the rasper extends to within 1.1

mm. of the base of the segment. The basal

segment (segment seven) is about 1.53 mm.
long by 1.35 mm. wide at its widest point.

The spiracles are situated about 0.18 mm.
from the anterior corners of the segment.

Length: Body, 7.0-8. 5 mm.; wings, 6.5-

7.5 mm.
TYPE locality: Java.

Type in the Zoologisk Museum, Copen-

hagen.

This species was not represented in the

collections sent in by the collectors connected

with the biological control of fruit flies pro-

gram. We have examined specimens fromJava

(from the Zoologisches Museum der Uni-

versitat Berlin) and a series of specimens

submitted by the U. S. Department of Agri-

culture which had been intercepted at Hobo-

ken, N. Y., infesting seeds of Macrozanonia

macrocarpa from Indonesia (J. M. Adams).

Dacus (Zeugodacus) diaphoropsis

(Hering), n. comb.

Zeugodacus diaphoropsis Hering, 1952, Treubia

21(2): 268-269, fig. 2.

This species appears to be most closely

related to D. hageni de Meijere and is dis-

tinguished by having the costal band of uni-

form width, not expanded at the apex. It has

been adequately described by Hering, except

for genital characters.

Length: Wings, 6.4 mm.
TYPE LOCALITY: Samarinda, Borneo.

Type in the Leidener Museum.

It is known only from the type male.

Dacus (Zeugodacus) emittens Walker

Fig. 24

Dacus emittens Walker, I860, Linn. Soc. Lon-

don, Proc. 4: 152.

Dacus chrysotoxus Hendel, 1912, Suppl. Ent.

1: 24.

This species is related to D. caudatus Fabri-

cius. It is distinguished by the greatly ex-

panded costal band, filling all the apical

fourth of cell M2 ,
continuing as a transverse

band across the m crossvein and also as a

longitudinal mark along vein M3-1-4. Dr. K.

L. Knight studied the specimens in the British

Museum collection and informed us that

there was no specimen labeled as type but

that five specimens were present from the

type locality, "data: Celebes nr. Macassar,
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A. R. Wallace, B. M. 1858-42.” He found

two species present in this series, two males

and two females of the species which we take

to be emittens, and one which appears to be

a Daciis {Strumeta) related to dorsalis Hendel.

Walker mentioned the extensive wing infus-

cation in his description and referred to a

number of varieties designated by Greek let-

ters, his "Var. e male” lacked these markings.

Perkins (1939: 29) says the species possesses

short but distinct black humeral bristles.

A female specimen at hand apparently be-

longs here, although the wing maculadons

differ in some respects from the typical form.

On our specimen the infuscation over the m
crossvein does not extend along vein M3+4,

and the r-m crossvein is slightly infuscated

(Fig. 24^). The costal cells are pale yellow,

and the apical half of the second costal cell

is covered with microtrichia; this character

has not been mentioned in previous descrip-

tions. Our specimen does not possess the

black humeral bristles mentioned by Perkins

Fig. 24. Dacus iZeugodacus) emittens^ ‘AV^x.. a. Wing;
b, extended ovipositor; c, apex of piercer.

{loc. cit.)
;
a moderately well-developed yellow-

red humeral is present on the right side, this

is absent (or broken off.^) on the left. Our
specimen also has no black bands over the ab-

dominal segments, but the basal portion of the

third tergum is brown. A brown longitudinal

vitta is present over only about three fourths

of the fifth tergum. Walker’s description of

the abdomen was rather vague, i.e., ”a black

middle band, behind which there is a slight

longitudinal black line.” Hendel, in his de-

scription of chrysotoxus, states that the first

tergum had black bases and that a black me-

dian line extended over terga four and five.

Ovipositor: Very elongate, extended (Fig,

24^) it measures 7.26 mm. The piercer is

about 2.13 mm. long by 0.21 mm. wide at

its widest point. Two large and two small

preapical setae are present (Fig. 24c). The

distal pair are situated about 0.02 mm. from

the apex. The opening of the oviduct is about

0.15 mm. from the apex of the piercer. The

inversion membrane is about 3.0 mm. long

by 0.83 mm. wide at its widest point. The

rasper is situated about 1.27 mm. from the

base of the segment. The basal segment is

2.13 mm. long by 1.48 mm. wide measured

across its hind margin. The spiracles are lo-

cated about 0.31 mm. from the anterior lateral

margins of the segment.

Length: Body, 9.0-10.0 mm.; wings, 8.5-

9.5 mm.

TYPE LOCALITY: Makassar, Celebes.

Cotypes are in the British Museum and in

the Australian National Museum, Melbourne.

Hendel’s specimen was from Formosa. The

specimen discussed above is labeled ”Am-

boina, F. Muir.”

Dacus (Zeugodacus) hageni de Meijere

Fig. 25

Dacus hageni de Meijere, 1911, Tijdschr.-v.

Ent. 54: 375.

Dacus caudatus var. nubilus Hendel, 1912,

Suppl. Ent. 1: 16. New synonymy.
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Zeugodacus caudatus Perkins, 1938, Roy. Soc.

Queensland, Proc. 49(11): 139-

Zeugodacus nuhilus heinrkhi Hering, 1941, Si-

runa Seva 3:11. New synonymy.

Zeugodacus bezzianus Hering, 1941, Arb. iiber

Morph, u. Taxonom. Ent. 8(1): 26. New
synonymy based upon a comparison of

large series of specimens from Formosa and

India.

It seems obvious that D. nuhilus is synony-

mous with D. hageni de Meijere. We find

no way of distinguishing these on the basis

of the original description of hageni. Bezzi

(1916: 109) and Perkins (1938: 138) indicated

that hageni could be separated from nuhilus

by the presence of two (not three) pairs of

inferior fronto-orbital bristles. We have found

this character not entirely reliable for dis-

tinguishing this species. A large series of

specimens on hand from the Philippines has

predominantly just two pairs. Often individ-

uals are seen which have two pairs on one

side of the front and three on the other.

We see no advantage in maintaining Her-

ing’ s heinrkhi, certainly not as a subspecies.

A fair share of the specimens examined from

Borneo and the Philippines fit typical hein-

richi, but so many intergrades are seen that it

does not seem practical to separate the spec-

imens according to these color variations.

Hering says that heinrkhi differs from For-

mosan nuhilus by being larger in size (the

large series we have studied averages about

the same as typical hageni). He separated it

by its having a narrower central reddish-brown

stripe down the mesonotum, narrower than

the distance between the prescutellar bristles;

by having the black submedian stripes run-

ning together behind the central postsutural

Fig. 25. Dacus {Zeugodacus) hageni de Meijere. a, Mesonotum; b, wing; c, extended'ovipositor; d, apex of piercer.
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yellow vitta and by having the black spots

on the sides of abdominal terga four and five

and the band on tergum three narrower than

in the typical form. These characters seem to

vary a great deal throughout the region cov-

ered in this study.

This species is closely related to D. caudatus

Fabricius, and it is probable that most of the

references to caudatus in the literature actually

pertain to hageni. We are indebted to Dr. E.

M. Hering for supplying information con-

cerning the characteristics of caudatus, based

upon the typical form from Java. D. hageni

is a very widespread species and is obviously

quite variable in coloration. Typical hageni

differ from caudatus by lacking the brownish

infuscation over the m crossvein and by hav-

ing the femora all rufous or yellow, usually

not brown to black at the apices (this varies

considerably throughout the range of the spe-

cies). The ovipositors are very different in the

two species (compare Figs. 2'bh and 25^).

Perkins (1938: 138), in his key to the species

of Zeugodacus, distinguishes nubilus from cau-

datus by its lack of lateral frontal spots. The

presence or absence of spots or discolorations

at the bases of the frontal bristles does not

appear of particular value in separating these

two species.

D. hageni is distinguished from other Dacus

{Zeugodacus) by having the costal band ex-

panded into a large spot in the wing apex

(Fig. 25^); by the all-yellow scutellum; by

the three yellow vittae on the mesonotum;

and by usually having three pairs of inferior

fronto-orbital bristles.

Head: The facial spots are moderately large

and circular in shape, the spots vary consider-

ably in size. The front has no distinct brown

spots at the bases of the bristles. The front

usually has three pairs of inferior fronto-

orbital bristles. Specimens from Claveria and

Gamalang, Mindanao, are predominantly

atypical in that the great majority have two

pairs of inferior fronto-orbitals. The sides of

the abdomen are also more blackened than in

the typical form. Thorax: The postsutural yel-
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low vittae are broad and conspicuous. The
median yellow vitta nearly fills the space be-

tween the prescutellar bristles; the median
vitta narrows gradually anteriorly. The ante-

rior median portion of the mesonotum is

largely rufous in the space marked off by the

outer scapular bristles. This rufous coloration

extends posteriorly, narrowing behind, to the

suture; it is often interrupted longitudinally

by a narrow, shiny brown to black line ex-

tending down the middle from the median

yellow vitta to the anterior margin of the

mesonotum (Fig. 25^). The areas between

the vittae and behind the humeri are black.

Wings: As in Figure 25^, the apical spot varies

considerably in size. Legs: The front two pairs

of coxae are yellow, and the hind pair is

brownish. The femora are chiefly yellow to

rufous, sometimes with brown to black apices,

and the tibiae are brown to black. The spec-

imens from this region fit the subspecies (or

variety) femoralis (Hendel, 1934: 11) (de-

scribed from China) as the front femora

usually possess a brown to black dorsal spot

near their apices and the middle and hind

pairs are usually brownish at the apices. This

character apparently varies considerably, es-

pecially in teneral specimens, and is of ques-

tionable value. Abdomen: The bases of terga

one to three are black, and three to five have

a broad black vitta extending longitudinally

down the middle. The lateral margins of the

terga are usually blackened. Ovipositor: The

basal segment is nearly twice as long as the

fifth abdominal segment. The extended ovi-

positor is about 6.0 mm. in length (Fig. 25c).

The basal segment measures about 1.6 mm.
long by 1.2 mm. wide at its widest point.

The spiracles are situated about 0.26 mm.
from the base, measured on the side. The

inversion membrane is about 2. 1-2.4 mm.
long by 0.4 mm. wide at its broadest point.

The rasper extends to within about 1.0 mm.
of the base of the segment. The piercer is

about 1.8-2.0 mm. in length by 0.26 mm.
in width (measured at the base). The tip of

the oviduct is about 0.3 mm. from the apex
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of the piercer. The setae are situated just be-

fore the apex of the piercer; the distal two

pairs are strongly developed and extend well

beyond the tip of the piercer (Fig. 2'bd)\ the

proximal pair is small and inconspicuous.

Length: Body, 7.0-9.0 mm.; wings, 6.5-

8.0 mm.
TYPE LOCALITY: Tandjong Morawa, Ser-

dang, Sumatra.

Type in the Leidener Museum.

Large numbers of specimens are in the pres-

ent collection from the following localities

and hosts.

Malaya: Kuala Lumpur, Nov., 1948-Apr.,

1949, ex Lagenaria vulgaris, Benincasa cerifera,

and cucumber (N. L. H. Krauss); Serdang,

Selangor, Dec., 1948-Jan., 1949, ex cucurbit

fruits and Luffa cylindrica (N. L. H. Krauss).

Borneo: Tamparuli, Jan.-June, 1951, ex

Luffa acutangula, carambola, Baccaurea angu-

lata, cucumber, Lagenaria leucantha, Momor-

dica charantia, and Artocarpus integra (F. E.

Skinner and G. Angalet); Mengetal, June,

1951, ex guava, mango, and Averrhoa caram-

hola (G. Angalet); Turan, Apr.-May, 1951,

ex carambola, Luffa acutangula, and Momor-

dica charantia (G. Angalet)
;
Kota Baru, April,

1951, ex Baccaurea angulata and guava (G.

Angalet); Tiaran, May, 1951, ex Eugeniajava-

nica; Telepok, May, 1951, ex Eugenia javanica

(G. Angalet); Kota Belud, June, 1951, ex

Dracontomelum dao, Cucurhita maxima, and an

"unknown host” (G. Angalet); Jesselton,

July, 1951, ex Luffa acutangula (G. Angalet);

one labeled "W. Borneo, Telol Ayer (F.

Muir).”

Philippine Islands: Los Banos, Mar.-June,

1925 (C. E. Pemberton); Gamalang, Minda-

nao, Aug.-Sept., 1950, ex Luffa cylindrica and

Trichosanthes sp..^ (F. E. Skinner); Bugo, Min-

danao, Dec., 1949, ex "inidentified cucurbit”

(F. E. Skinner); Davao, Mindanao, Mar.,

1950, ex Momordica cochinchinensis and Luffa

acutangula (F. E. Skinner); Claveria, Misamis

Oriental, Mindanao, Jan., 1950, ex Lagenaria

sp. (F. E. Skinner); Del Monte, Mindanao,

Jan., 1950, ex cucumber (F. E. Skinner);

Aroman Expt. Sta., Cotabato, Sept., 1952 (H.

Townes); Penal Colony, Davao, Mindanao,

Aug., 1950, ex Momordica cochinchinensis (F.

E. Skinner).

This species appears to be nearly free of

parasites in the areas covered in this report.

Of the many thousands of specimens which

were sent in by the collectors in the field only

20 specimens of Opius makii Sonan were reared

(from Mindanao, Philippine Islands, D. ha-

geni, ex Trichosanthes sp..^). Opius angaleti

Fullaway may possibly parasitize this species;

it has been reared from fruits (in Borneo)

infested with both hageni and Callantra smier-

oides Walker.

Dacus (Zeugodacus) limbipennis

Macquart

Dacus limbipennis Macquart, 1843, Dipt. Exot.

2(3): 217.

Zeugodacus limbipennis Macquart, Perkins,

1938, Roy. Soc. Queensland, Proc. 49(11):

140-141, fig. 2.

Zeugodacus atrifacies Perkins, 1938, Roy. Soc.

Queensland, Proc. 49(11): 140.

This species was redescribed by Perkins.

The original description is very brief, and it

is possible that Perkins’ male specimen from

Malaya may be quite a distinct species from

Macquart’s limbipennis. It agrees with the orig-

inal description in having the face shining

black with yellow margins. There are no other

details in Macquart’s description which are of

much value in placing the species. In the

event that these should prove to be distinct

species, Perkins has proposed the name atri-

facies for his specimen.

Dacus limbipennis (as defined by Perkins)

resembles D. terminifer Walker because of the

black face. It is distinguished from the latter

by the presence of three postsutural yellow

vittae on the mesonotum.

Length: Body, 5. 5-6.0 mm.; wings, 5.0-

5.5 mm.
TYPE locality: Java.

Type in Paris, according to Bezzi (1913: 74).
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Perkins’ specimen was from Bukit Kutu,

Selangor. It is in the Selangor Museum. We
have not seen this species.

Dacus (Zeugodacus) maculatus

(Perkins), n. comb.

Zeugodacus caudatus var. maculatus Perkins,

1938, Roy. Soc. Queensland, Proc. 49(11):

139-140.

This appears to be a distinct species rather

than just a variety of D. hageni {caudatus of

Perkins). Perkins’ description is very incom-

plete, but maculatus seems to be distinctive

because of the presence of a large black spot

at the apex of the scutellum; because of the

costal band not extending through the mid-

dle portion of cell R3 and not strongly ex-

panded into a large apical spot; because of the

three postsutural yellow vittae and the yellow

humeri; also by having the median portion

of the face black. Perkins states, "The facial

markings are in the form of two triangular

black spots, whose apices reach the oral mar-

gin, and whose bases run along the transverse

furrow of the carina, meeting in the middle.’’

TYPE locality: Bukit Kutu, Selangor.

Type in the Selangor Museum.
Known only from the type female.

Dacus (Zeugodacus) maculipennis

(Doleschall)

Fig. 26

Bactrocera maculipennis Doleschall, 1856, Na-

tuurk. Tijdschr. Nederland. Indie 10: 412,

pi. 2, fig. 1.

This species is readily distinguished from

other Zeugodacus known from this region by
the presence of a black transverse band across

the median portion of the face (Fig. 2Ga), It

resembles hageni in most other respects. Dacus

diffusus Walker (I860: 153) appears to be

closely related to maculipennis.

MALE. Head: Three pairs of inferior fronto-

orbital bristles are present, the lower two pairs
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Fig. 26. Dacus {Zeugodacus) maculipennis (Doleschall).

a. Front view of head; b, wing.

are situated very close together. The front is

rather broad, is almost as wide as one eye and

about 1.25 times as long as wide. The front

is slightly expanded on the lower portion, and

indistinct brown spots are present at the base

of the bristles. The antennae are rufous, with

a brownish tinge in the ground color of the

third segment. The third segment is four

times as long as wide and is about equal in

length to the face. Thorax: Predominantly

black with the usual yellow areas, including

three moderately broad postsutural yellow

vittae; the median one is pointed on each

end and extends from just behind the suture

to the prescutellar bristles. The scutellum is

yellow except for a very narrow black basal

band. Legs: Chiefly yellow to rufous with

discolorations of brown over the hind tibiae,

on the ventral surfaces of the front tibiae, and

on the apicodorsal surfaces of the front fem-

ora. Wings: The costal cells are hyaline and

devoid of microtrichia except at the apex of

the second cell. The costal band is compara-

tively narrow through most of its length but
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is expanded into a distinct wing spot at the

apex; the band does not extend into cell R3

except near the apex of vein R3, and it extends

through the upper two fifths of the apex of

cell R3 (Fig. 26b). The narrowed portion of

the cubital cell is about four times as long as

the distance from the apex of the cell to the

wing margin. Abdomen: Chiefly rufous with

black bands across the bases of terga two and

three, with a narrow brown to black vitta

extending down the median portion over seg-

ments three to five and with large brown to

black spots on each anterior lateral margin of

terga four and five. The submedian oval areas

on the fifth tergum are rufous in ground color,

are densely covered with pale pile, and are

gray pollinose.

Length: Body, 7. 5-8.0 mm.; wings, 7.0-

7.5 mm.

We have no information on the female of

this species.

TYPE LOCALITY; Java.

Type in Vienna, according to Bezzi (1913:

75).

We have seen this species from Singapore,

Malaya, Mar., 1907 (F. Muir) and from Pa-

soeroean, Java, Apr., 1914 (F. Muir).

Dacus (Zeugodacus) mundus
(Bezzi), n. comb.

Fig. 27

Chaetodacus mundus Bezzi, 1919, Philippine

Jour. Sci. 15(5): 429-431.

Zeugodacus tibialis Shiraki, 1933, Taihoku Imp.

Univ., Faculty Sci. and Agr., Mem. 8(2):

96-98. New synonymy.

This species belongs in the hageni group

and resembles that species very closely. It is

distinguished from D. hageni de Meijere by

having the posterior crossvein fumose; by its

all-yellow face and by having no yellow mark-

ings on the mesonotum before the suture. It

is differentiated from D. caudatus Fabricius by

its all-yellow face and by the darker colora-

tion on the front femora and the mesonotum.

This species has been adequately described

and figured, except for female genital char-

acters, by Bezzi and Shiraki (as cited above).

It is obvious that Zeugodacus tibialis Shiraki is

the same as mundus. Shiraki’s description and

figures fit this species in all details. Perkins’

key (Perkins, 1938: 138), couplet 20, is mis-

leading; it separates mundus from tibialis on

the basis of whether or not the costal band

is dilated to form an apical spot. The costal

band is not noticeably dilated in mundus and

is the same as Shiraki’s figure (1933, pi. II,

fig. 6) of tibialis.

Ovipositor: The visible ovipositor {in situ)

is nearly equal in length to abdominal seg-

ments three to five combined (1.3-1. 5 mm.).

The extended ovipositor is about 6.0 mm.
long. The basal segment is 2.25 mm. long.

The inversion membrane is evidently about

2.25 mm. long (it could not be reverted in

the specimen at hand), and the piercer is 1.5

mm. in length. The oviduct opens about 0.19

mm. from the apex, and the setae are very

close to the tip of the piercer (Fig. 27).

TYPE locality: Luzon, Philippine Islands.

Bezzi also recorded it from Panay and Min-

danao.

Fig. 27. Dacus {Zeugodacus') mundus (Bezzi). Apex
of piercer.
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A specimen in the U. S. National Museum
labeled ”Los Banos, P. L, Baker” and ”1333”

is apparently the type.

Shiraki’s specimens of tibialis were from

Kashoto and Taito, Eormosa, ex Cucurhita

maxima Duch.

A single female specimen was present in

the collections from Bugo, Mindanao, P. I.,

Dec., 1949, ex "unidentified cucurbit” (F. E.

Skinner). This specimen was reared from the

same host material as a fairly large series of

D. hageni. A specimen is also at hand from

Los Banos, P. E, 1916 (F. X. Williams).

Dacus (Zeugodacus) pendleburyi

(Perkins), n. comb.

Zeugodacuspendleburyi Vtikim, 1938, Roy. Soc.

Queensland, Proc. 49(11): 141-142, fig. 4.

Paradacus pendleburyi (PtdZms) Hering, 1952,

Treubia 21(2): 266-261

.

Hering placed this under Paradacus and de-

scribed the allotype male as such. We believe

it is obvious that he was incorrect in assuming

that his specimen lacked prescutellar bristles;

he said that because of the position of the pin

through the prescutellar area he was unable

to be sure of the presence or absence of these

bristles. Perkins in the original description

stated that prescutellars were present.

D. pendleburyi is readily distinguished from

other Zeugodacus, known from this region, by

having just two postsutural yellow vittae and

the usual black spots in the antennal furrows

of the face. It is similar to D. timorensis (Per-

kins) because of its dark brown to black legs

and the broad black stripe across the base of

the scutellum; it differs by the absence of the

median postsutural yellow vitta. The wings

are also distinctive in that they lack a cubital

streak.

Length: Body, 7.0-7. 5 mm.; wings, 5.5-

6.0 mm.
TYPE LOCALITY: Selangor. Hering’s allotype

male is from Djampangs, Tjiajunan,

Type in the Selangor Museum,
We have not seen this species. One spec-

imen on hand labeled "Los Banos, Laguna,

P. L, July 7, 1930, F. C. Hadden” is very

close to pendleburyi but has a broad, black

longitudinal stripe over the scutellum and

yellow to rufous femora.

Dacus (Zeugodacus) pubescens

(Bezzi), n. comb.

Fig. 28

Chaetodacus pubescens Bezzi, 1919, Philippine

Jour. Sci. 15(5): 434, pi. 2, fig. 2.

Chaetodacus scutellatus Bezzi, 1916, Bui. Ent.

Res. 7: 114 (nec Hendel, 1912, Suppl. Ent.

1 : 20 ).

This species is related to D. scutellinus (Bez-

zi) and trimaculatus n. sp. by having a black

spot at the apex of the scutellum. It is dis-

tinguished by the dilated costal band which

forms an apical wing spot; by having three

pairs of inferior fronto-orbital bristles, not

two; also by having the humeri bordered by

rufous, not black.

Head: Face with two rather small, round

spots and with brownish spots at the bases

of the frontal bristles. Thorax: The mesono-

tum has three broad yellow stripes behind the

suture and two submedian stripes before the

Fig. 28 . Dams {Zeugodacus) pubescens (Bezzi), a, Ex-

tended ovipositor; b, apex of piercer.
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suture. The mesonotum has distinct black

markings. Legs: Chiefly reddish yellow, the

hind tibiae are brownish. Wings: (See Bezzi,

loc. cit., pi. 2, fig. 2) with a rather narrow costal

band expanded into a moderately large spot

at the apex. The cubital streak is broad and

fills all the base of cell M4. A small brown

spot is present at the apex of vein M3+4.

Abdomen: With black basal bands on the sec-

ond and third terga and with a median longi-

tudinal vitta extending over terga three to

five; these latter segments are black on the

sides.

Length: Body and wings, 8.0-8. 5 mm.

The female has not been previously de-

scribed. In most details it fits the description

of the male as given in the original. The front

is approximately 1.5 times as long as wide.

The facial spots are elongate, pointed on their

lower edges. The narrowed portion of the

cubital cell is equal in length to vein Cui+lst

A. Ovipositor: The basal portion when viewed

from above {in situ) is approximately equal to

the length of the fifth abdominal segment.

The extended ovipositor (Fig. 28^) measures

about 5.8 mm. The piercer is trilobed at apex

(Fig. 28^) and has two long and two short

preapical setae on each side; the distal pair

is situated about O.O6 mm. from the apex of

the piercer. The piercer measures about 1.74

mm. long by 0.18 mm. wide at its widest

point. The opening of the oviduct is situated

about 0.25 mm. from the apex of the piercer.

The inversion membrane measures about 2.36

mm. long by 0.31 mm. wide, and the rasper

extends to within 1.0 mm. of the base of the

segment. The basal segment measures 1.69

mm. by 1.32 mm., and the spiracles are lo-

cated 0.36 mm. from the anterior lateral mar-

gins of the segment.

TYPE LOCALITY: Laguna Province, Los Ba-

nos and Mt. Makiling.

We have studied a specimen in the U. S.

National Museum labeled "Mt. Makiling

(another spelling for Maquiling), Luzon

(Baker).” This is probably the type. We have

also seen it from Manila, 1909 (G. Compere),

and from Mt. Makiling, Laguna, Luzon, Jan.

26, 1921 (G. C. Ladrera).

Dacus (Zeugodacus) scutellinus

(Bezzi), n. comb.

Chaetodacus scutellinus Bezzi, I916, Bui. Ent.

Res. 7: 113, pi. 2, fig. 11.

This species is related to D, pubescens (Bez-

zi) and to D. trimaculatus n. sp. It is consider-

ably smaller than either of these species. It

is differentiated from the former by lacking

the two presutural yellow vittae and by not

having the costal band expanded at the tip of

the wing. It differs from trimacidatus in having

the costal band comparatively broad and the

mesonotum chiefly black. It has been ade-

quately described by Bezzi (1919: 432-433)

except for the characteristics of the ovipositor.

Length: Body and wings, 5.0-5. 5 mm.
TYPE locality: Laguna Prov., Mt. Makil-

ing, Luzon.

One female in the U. S. National Museum,
labeled in red, from the type locality, is prob-

ably the type although it has never been

marked as such.

This species was not represented in the

collections at hand; the senior author has

studied the above-mentioned female at the

U. S. National Museum.

Dacus (Zeugodacus) terminifer Walker

Dacus terminifer^dSL^s, I860, Linn. Soc. Lon-

don, Proc. 4: 152.

This species appears to fit closest to D.

pendleburyi (Perkins) but is distinguished by

its all-black face.

Dr. John Smart and Dr. K. L. Knight have

re-examined the type and have supplied

enough information so that it can be placed

fairly accurately. The face is uniformly black,

and the front has two pairs of inferior fronto-

orbital bristles. Only two postsutural yellow

vittae are present on the mesonotum, and the

scutellum is yellow with a black basal band.

The legs are chiefly brown to black with the
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front and middle tibiae and bases of hind

femora rufous. The abdomen is missing in

the type.

Length: Body, 5.0 mm.
TYPE locality: Makassar, Celebes.

Type in the British Museum (Natural

History).

Known only from the type female.

Dacus (Zeugodacus) tetrachaetus

(Bezzi), n. comb.

Chaetodacus tetrachaetus^Qzzi, 1919, Philippine

Jour. Sci. 15(5): 431-432, pi. 1, fig. 10.

This species is distinguished from other

Dams {Zeugodacus) by having a broad yellow

band extending between the humeri and the

notopleural calli. In this respect it is similar

to D. {Strumeta) continuus (Bezzi). Bezzi allies

the species to D. mundus (Bezzi), but it lacks

the brown infuscation over the m crossvein.

The species was adequately described by

Bezzi, except for the characteristics of the

female. We have not seen this species.

Length: Body and wings, 6. 5-7.0 mm.
TYPE LOCALITY: Panay, Antique Prov.,

Batbatan Island, Philippines.

Bezzi said the type was in his collection.

This is in the Museo Civico di Storia Naturale,

Milan, according to Horn and Kahle (1935).

Dacus (Zeugodacus) timorensis

(Perkins), n. comb.

Zeugodacus timorensis Perkins, 1939, Queens-

land Univ., Dept. Biol. 1(10): 30-31, pk

1, fig. 2.

This species appears to be related to D.

scutellinus (Bezzi) but is distinguished by the

presence of a broad black band extending

over the basal half of the scutellum and by

the chiefly brown to black legs. Perkins’ de-

scription seems to be adequate.

Length: Body, 6.0 mm.; wings, 5.5 mm.
TYPE locality: Koepang, Timor.

Type in the British Museum (Natural

History).

We have not seen this species.

Dacus {Zeugodacus) trimaculatus n. sp.

Fig. 29

This species runs to Dacus {Zeugodacus)

scutellinus (Bezzi) in Perkins’ (1938: 138) and

Bezzi’s (1916 : 113 and 1919: 420) keys to the

species of Dacinae. It apparently resembles

this species in many details but is considerably

larger (8.0-9.5 mm. long as compared to 5.0-

5.5 mm.). The front portion of the meso-

notum, between the humeri, is reddish, not

black. The costal band is very narrow through

cell R3 and ends at vein R4+5; not with a

rather broad costal band which extends half-

way through cell R5. Bezzi states (and figures)

that veins R4+5 and M1+2 (third and fourth

veins) are straight and parallel. In trimaculatus

these veins are distinctly curved (Fig. 29c).

The species appears much more closely re-

lated to D. hageni de Meijere than to any other

Zeugodacus which we have studied. The type

series were taken in the same habitat and host

as that species. The two resemble each other

very closely but are distinguished by the nar-

row costal band (not enlarged at apex) of

trimaculatus; by the presence of three facial

spots and a black apical spot on the scutellum,

as well as by the more elongate and differ-

ently developed ovipositor (cf. Figs. 25^

and 2^d).

The presence of the transverse, median

black spot on the face suggests that this

might fit near D. maculipennis (Doleschall),

and in Perkins’ key {loc. cit.) some specimens
j

which have three pairs of inferior fronto-
'

orbital bristles would run here. It is disting-

uished by having the face marked with three
j

black spots (Fig. 29b), not a transverse black

mark (Fig. 26^^) ;
by the apical black spot on ^

the scutellum, the reddish anterior portion of

the mesonotum, and by the narrow (not di-
j

lated) costal band.
j

FEMALE. Head: The front is slightly less ^

than 1.5 times as long as wide; the median
:

portion is discolored with brown, and a slight- !

ly brownish spot is present at the base of each
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Fig. 29. Dacus {Zeugodacus) trimaculatus n. sp. a, Mesonotum; b, front view of head; c, wing; d, apex of piercer;

extended ovipositor.

of the orbital bristles. There are usually two

pairs of inferior fronto-orbital bristles present;

sometimes three pairs are present. There is

one pair of superior fronto-orbitals. The face

has a transverse brown to black spot in the

median portion which extends almost to the

large black spots in the antennal furrows (Fig.

29^). The third antennal segment is brown

to blackish and is slightly longer than the

face. The occiput is chiefly yellow to rufous;

the hind portion is brownish colored in some

specimens. Thorax: Predominantly black on

the dorsum with three broad, postsutural yel-

low vittae. The anterior portion of the thorax,

between the humeri, is rufous. The meso-

notum is covered with gray pollen; this is

interrupted from the anterior end of the me-

dian yellow vitta to the anterior margin by a

fine black vitta (Fig, 29^). The yellow mark

on the upper portion of each sternopleuron

is as broad or broader than the upper portion

of the yellow transverse stripe on the meso-

pleura. The scutellum is largely yellow with

a rather small black spot in the median por-

tion between the anterior pair of bristles.

Legs: The femora are entirely yellow except

for slight brownish discolorations on the

dorsoapical portion of the front pair. The

tibiae are brown to black. The tarsi are yellow

except for the brownish apical subsegments.

Wings: The costal band is moderately narrow

and does not extend beyond the apex of vein

R4+5. The r-m crossvein is curved, is about

0.75 as long as the section of M1+2 between

the r-m and the m crossveins, and is dis-

tinctly longer than the basal section of vein

M3+4. Them crossvein is also distinctly curved.

The attenuated portion of the cubital cell is

just slightly longer than that portion from the

apex of the cell to the wing margin (Fig. 29c)

.

Abdomen: The first and third terga have com-

plete bands of black across their base; the

second tergum has a large black spot in the

median portion which extends transversely

across the segment but does not attain the

lateral margins; it is interrupted by rufous

coloration toward the sides. A black vitta ex-

tends longitudinally down the median por-
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tion from the black band on the third tergum

to the apex of segment five. The extreme

lateral margins of the terga are extensively

blackened. Ovipositor: Long and conspicuous;

the exposed basal portion {in situ) is equal in

length to segments four and five. The ex-

tended ovipositor (Fig. 29e) is very elongate,

measuring 8.32 mm. The piercer is 2.78 mm.
by 0.21 mm. The apical portion is trilobate

and has two pairs of strong bristles and two

pairs of weak setae (Fig. 29d) situated ap-

proximately 0.05 mm. from the apex. The
opening of the oviduct is 0.26 mm. from the

apex. The inversion membrane is approxi-

mately 3.0 mm. long by 0.4 mm. wide at its

widest point, the rasper extends to within

about 1.4 mm. of the base of the segment.

The basal segment of the ovipositor is 2.5

mm. by 1.2 mm., measured across the prox-

imal margin of the segment. The spiracles

are situated about 0.47 mm. from the base

of the segment, measured on the lateral

margins.

Length: Body, excluding ovipositor, 8.0-

9.5 mm.; wings, 7. 7-8. 5 mm.
MALE. Fitting the description of the female

in most details; the narrowed portion of the.

cubital cell is about twice as long as the dis-

tance beyond the apex to the wing margin,

and a well-developed supernumerary lobe is

present.

Holotype female and allotype male. Penal

Colony, Davao, Mindanao, Philippine Islands,

Aug., 1950, ex Momordica cochinchinensis (F.

E. Skinner). Sixty-four paratypes (sexes about

evenly distributed): same data as type and

Pangi, Mindanao, Philippine Islands, Mar.,

1950, ex Momordica charantia (F. E. Skinner).

Type, allotype, and a series of paratypes

deposited in the U. S. National Museum
collection. The remainder of the paratypes

are being deposited in the following collec-

tions: Bernice P. Bishop Museum, British

Museum (Natural History), Territorial Board

of Agriculture and Forestry, Hawaiian Sugar

Planters’ Association, and the University of

Hawaii.

PACIFIC SCIENCE, Vol. VIII, April, 1954

Monacrostichus Bezzi

Monacrostichus Bezzi, 1913, Philippine Jour.

Sci. 8: 322.

This is a well-defined genus readily dis-

tinguished from other Dacinae by the follow-

ing characteristics: The presence of a trans-

verse furrow or depression across the meso-

notum, connecting the lateral sutures; a dis-

tinct transverse furrow across the middle of

the face; the lack of inner orbital, postocellar,

postvertical, or ocellar bristles; the lack of a

line of demarcation around the sides and hind

margins of the humeri; the lack of inner

scapular bristles; the presence of a pair of

stout spines near the apices of the front fem-

ora, below; the rather pointed scutellum;

the elongate stigma or third costal section of

the wing and the very short fourth section;

the strongly incurved basal section of vein

Mi-i-2, which greatly narrows the basal three

fourths of cell 1st M2 (Fig. 30^) and the

abbreviated vein Cuid-lst A.

The genus is related to Callantra by the

elongate antennae (Fig. 30^) and the petiolate

abdomen. Other workers have considered the

mesonotal suture as being complete; we have

found the suture to be interrupted in the me-

dian portion of the mesonotum (in all the

specimens examined); the lateral sutures are

connected by a transverse depression. The

genus contains but one known species.

GENOTYPE: Monacrostichus citricolus Bezzi.

Monacrostichus citricolus Bezzi

Fig. 30

Monacrostichus citricola Bezzi, 1913, Philippine

Jour. Sci. 8: 323.

A large, very conspicuous species, easily

recognized by the generic characters given

above. The following characteristics are sup-

plemental to those which have been given

under the generic discussion,

MALE. Head: Yellow to slightly reddish ex-

cept for the reddish brown to black antennal
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Fig, 30 . Monacrostichus citricolus Bezzi. a, Mesonotum; b, lateral view of head; c, second segment of antenna;

d, wing; e, front femur; /, extended ovipositor; g, apex of piercer.

grooves; a reddish-brown spot in the center

of the face, just above the oral margin; a dark

spot on the cheeks at the lower margin of

each compound eye and another pair on the

lower part of the front at about the middle

of the eyes and opposite the bases of the

antennae. The hind portion of the occiput is

slightly discolored with reddish brown. The
head is almost devoid of bristles, only the

outer vertical bristles are well developed. The
superior fronto-orbital bristles are rather poor-

ly developed and inconspicuous, they are

about 0.5 as long as the vertical bristles, and

are thin and hair-like. The ocellar bristles are

less than one third as long as the verticals.

The antennae are elongate, they are three

times as long as the face and 1.33 times as

long as the vertical length of the head. The

first two segments are elongate, they are about

equal in length, and the two combined are

about two thirds as long as the third segment

(Fig. 30^). The second antennal segment is

very distinctly furrowed on the top margin,

and at least an indication of the furrow ex-
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tends almost the full length of the segment

(Fig. 30c). This is very similar to the longi-

tudinal seam on the second antennal segment

which is characteristic of the Calyptratae. The

second segment has a moderately strong bris-

tle near the middle on the upper surface. The

aristae are rather short, they extend scarcely

to the apices of the third segments; their bases

are yellow, the apices are black. The face is

chiefly yellow except for the discolorations

mentioned above. The face has a rather prom-

inent tumescence in the middle marked off

by a moderate concavity above, just below

the antennae, and a rather deep concavity on

the lower third of the face (Fig. 30^). A dis-

tinct transverse furrow is present at this point

on the face and is a chracteristic feature of the

genus and species. The antennal grooves are

deep and very conspicuous compared to those

of other Dacinae. Thorax: Chiefly dark brown

to black on the dorsum with yellow markings

on the mesonotum as follows: A broad vitta

on each side extending from the hind margin

of the mesonotum to just beyond the suture,

ending in front of the suture at a point about

opposite the front margin of the notopleural

callus (the vitta extends transversely along

the suture for a short distance)
;
the anterior

lateral margins from just beyond the front

margins of the notopleural calli including the

humeri, except for the front margins, and a

triangular to heart-shaped spot in the middle

on the hind third of the mesonotum (Fig.

30a). The scutellum is yellow except for a

rather broad brownish band across the base.

The yellow mark on each .mesopleuron is ex-

panded dorsally so that the entire top margin

of the sclerite is yellow. The sternopleura each

have a large yellow spot above, continuous

with the mesopleural markings, and the ven-

tral margin is yellowish. The metapleura are

yellow, the metanotum is black. The meso-

notum is lightly grayish pollinose with one

median and two submedian narrow brown

vittae extending down the back as far as the

median yellow spot on the hind part of the

mesonotum. The suture is continuous or

nearly so. In the specimens which have been

studied it is actually narrowly interrupted in

the middle of the mesonotum, although a

slight depression does connect the two lines

(Fig. 30a). The outer scapular bristles are

strong, the inner are lacking. The humeral

bristles are lacking, the anterior and posterior

notopleurals and the three pairs of supraalar

bristles are strong. The prescutellar bristles

are lacking, and a single pair of apical scutel-

lars are present. The halteres are yellow, light-

ly tinged with brown at their knobs. Wings:

With a very broad yellow costal band, filling

all the cells anterior to Rs and extending a

short way into this cell along the under side

of the last section of vein R4+5 - The cubital

streak is absent except for a brief yellow mark

in the base of the cubital cell. The costal cells

are densely covered with microtrichia, as is

the section of cell R directly above cell M.
The wing venation is very distinctive and will

distinguish this species from all other Dacinae

known to the writers. The third costal section

(stigma) is very elongate, it is over three

times as long as the fourth section, and is

equal to the combined lengths of the first

two sections. The r-m crossvein is located

near the apex of the discal cell (1st M2) at a

point almost opposite the lower end of the

m crossvein. The cell 1st M2 is strongly nar-

rowed at its basal three fourths and is ex-

panded at its apical portion. The first section

of vein M 1+2 ,
from the fork to the r-m cross-

vein, is arcuate and is nearly four times as

long as the second section. The second sec-

tion of Mi-F2 ,
from the r-m crossvein to m,

is just slightly longer than the r-m. The apical

cell (R5) is distinctly narrowed at the wing

margin. The attenuated portion of the cubital

cell is elongate and about equal in length to

the basal part of the cell or to the length of

cell M. Vein Cui+lst A extends less than

halfway to the wing margin (Fig. 30d ) . There

is no evidence of a supernumerary lobe in the

hind portion of the wing. Legs: Chiefly rufous,

slightly discolored with brownish on the un-

dersides of the femora, the coxae, and the
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apical subsegments of the tarsi. The front

femora each have a pair of strong black spines

on the outer ventral surface near the apex.

Abdomen: Very distinctly club-shaped, the

first two segments are narrow and parallel

sided and are just half as wide as the remain-

ing segments. The first tergum is largely yel-

low with the apical portion brown to blackish.

The second tergum is yellow except for a

brown longitudinal band down the middle

which connects with a broad transverse band

near the apex of the segment forming a T-

Terga three and four have brown to black

bases and yellow apices. The fifth narrows

'

rather abruptly into an acute point at its apex,

it is yellow in the middle and at the apex and

black on the sides and in the middle of the

anterior margin. The venter is chiefly brown-

ish. The third tergum is not ciliated. The

genitalia have not been studied.

Length: Body, 9-5-10.0 mm.; wings, 8.6mm.

FEMALE. Similar to the male except for

sexual characters. The costal band is not so

distinctly yellowed as in the male in the spec-

imens at hand. The ovipositor is rather short

(Fig. 30/), about 3-5 mm. long. The piercer

is slender beyond the basal portion and is

1.20 mm. long by 0.07 mm. wide at the

oviduct and 0.25 mm. wide at the base. The

opening of the oviduct is about 0.42 mm.
from the apex of the piercer. The flaps over

the top of the egg channel are very conspicu-

ous, they extend about two thirds the length

of the segment and are on the dorsal surface

of the piercer. There are four pairs of sub-

apical setae on the piercer; the basal two pairs

are tiny, scarcely one third as long as the

apical setae. The apical two pairs are com-

paratively strong and extend almost as far as

the tip of the piercer. The distance from the

bases of the apical set of setae to the tip of

the piercer is about 1.5 times greater than the

length of the plate bearing the setae (Fig.

30g) . The piercer is slightly flattened laterally

and has a distinct convexity on the dorsal

surface just below the middle. The rasper

(eighth segment) is 1.30 mm. long, the in-

dividual spicules are sharp pointed (Fig. 30/)

and extend to about 0.38 mm. from the base

of the segment.

TYPE LOCALITY: Los Banos, P. I., reared

from citrus.

Type in the U. S. National Museum.

The writers have studied specimens from

the type locality (Baker); from Manila, Phil-

ippine Islands, ex lime (C aurantifolia)

,

Feb.

15, 1929 (A. M. M.), and Tagoloan, Min-

danao, Philippine Islands, June, 1950 (F. E.

Skinner)

.

SPECIES OF DOUBTFUL POSITION

Dacus ahsolutus Walker, 1862, Linn. Soc. Lon-

don, Proc. 4: 22.

This species cannot be positively placed

subgenerically as it is known only from the

type female. However, with the additional in-

formation supplied by Dr. K. L. Knight, we

feel that it may possibly be a Neodacus. He
noted that it is larger than dorsalis and has the

following characteristics: Anterior supraalars

present; one pair of scutellar bristles; face

spotted as in dorsalis; no median scutal stripe;

wing with only very slight shading on first

longitudinal vein, no other shading; scutellum

all one color; yellow of humerus broken be-

fore the suture; a black transverse area on the

second abdominal tergum as well as on the

third.

Length: Body, "6 lines.”

TYPE LOCALITY: Ceram.

Type in the British Museum.

Dacus areolatus Walker, 1861, Linn. Soc. Lon-

don, Proc. 5: 295.

This species is a true Dacus s. 1. according

to Bezzi ( 1913 : 67). Walker described it as

having four black spots on the face in his

latin description and as having two black

spots in his English description. It is yellow

brown; the mesonotum has two black stripes

with two postsutural yellow vittae. The scu-

tellum is yellow. The abdomen is short, not

longer than the mesonotum, with a slender.
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cylindrical ovipositor which is "as long as the

preceding part." The legs are yellow. The

wings have a brown costal band which is

dilated toward the tip and have two transverse

bands connected to the costal band.

Length: Body, 6.0 mm.
TYPE LOCALITY: Batchian.

Type in the British Museum.

Dacus diffusus Walker, I860, Linn. Soc. Lon-

don, Proc. 4: 153.

Walker described this species as having a

black band on the face and as having two

short, narrow black stripes on the mesono-

tum. The wings are "clouded with very pale

brown about the veins." This may possibly

be related to D. {Zeiigodacus) macuUpennis

(Doleschall).

Length: Body, 8.0 mm.
TYPE LOCALITY: Makassar.

Type in the British Museum.

Dacus macultgera (Doleschall), 1859, Natuurk.

Tijdschr. Nederland. Indie 17: 122 (Bac-

trocera)

.

This species has been considered as a syn-

onym of Dacus zonatus (Saunders) by some

authors, but the synonymy cannot be con-

firmed as we have not seen specimens from

this area.

TYPE locality: Sarawak, Borneo.

Type in Vienna.

Dacus ritsemae Weyenbergh, 1869, Arch. Neer-

land. 4: 360, pi. 6, figs. 1-5.

TYPE locality: Java.

Bezzi (1913: 78) says "the type is in

Amsterdam.^"

Dacus strigifinis^dilktt, 1861, Linn. Soc. Lon-

don, Proc. 5: 295.

This may not be a Dacus. Bezzi (1913: 80)

questioned its generic position.

TYPE locality: Batchian.

Type in the British Museum.
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An Investigation of Hematochrome Accumulation in the Alga

Phycopeltis hawaiiensis n. sp/

John W. King^

The production and accumulation of

hematochrome, an orange-red pigment com-

monly found in the cells of Trentepohliaceae,

are thought to depend upon certain external

environmental conditions, as well as upon

the physiological activity of the cells. Accord-

ing to Senn (1911) and Geitler (1923), the

accumulation ofhematochrome depends upon

the quality and intensity of the light reaching

the cells, food supply, moisture, and rate of

growth. Senn points out that, in nutritive

mineral solutions encouraging active growth,

the amount of hematochrome pigment is

greatly diminished. In this investigation an

attempt was made to determine whether or

not there is a correlation between rate of

growth and hematochrome accumulation in

a heretofore undescribed species of Phycopeltis

found on the campus of the University of

Hawaii.

Phycopeltis hawaiiensis n. sp.

Hematochrome orange-red; thallus circular

with two concentric areas differing in hue;

margin entire; filaments branching; no spo-

rangia or gametangia produced.

Thallus aurantiaciacus discoideus, centro et

regio concentrico exteriore in colore distincte

gradato, margine integro, filamentis ramosis

saepe oppositis sed trichotomo-simulantibus,

est. Sporangia et gametangia desunt.

Holotype, a preparation of material col-

lected June 12, 1953, on the campus of the

University of Hawaii, is deposited in the

Bernice P. Bishop Museum in Honolulu.

1 Research carried on in the Department of Botany,

University of Hawaii. Manuscript received June 19,

1953.
2 Morgan State College, Baltimore, Maryland.

Isotypes will be distributed through the

Museum.

METHOD OF CULTURING PHYCOPELTIS

Phycopeltis used in this investigation was

found growing on the leaves of a member of

the Araliaceae on the campus of the University

of Hawaii. In damp, shaded environments the

alga reaches its ultimate state of development,

forming numerous orange-colored, cushion-

like discs on leaves. Upon microscopic ex-

amination of a disc, the presence of fungal

hyphae living in close association with the

alga is revealed. In culture the fungal hyphae

can be seen intermingled with the algal fila-

ments. This condition has led many investi-

gators to consider Phycopeltis to be a lichen.

Discs were carefully removed from leaves

and placed on different sterile media as shown
in Table 1. All media contained a base of 1

per cent Knop’s nutrient solution (Bold) in

2 per cent agar. The algae were then cultured

under natural daylight conditions. The cul-

tures were observed each day under a wide-

angle microscope, to discover whether new
filaments had developed from the discs.

It is observed from Table 1 that the most

rapid growth took place when Phycopeltis was

cultured on a medium containing Knop’s

nutrient solution in 2 per cent agar. The pres-

ence of sucrose or juice from the leaves upon
which the epiphyte grew in the medium re-

duced the growth rate during the period

immediately following inoculation. However,

at the end of 80 days all media had produced

considerable growth except those containing

Knop’s solution in agar, juice from leaves

upon which the epiphyte was growing, and

sucrose. Since Knop’s nutrient solution in

205
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TABLE 1

A List of Media Used in the Cultivation of
Phycopeltis, Showing the Number of Days
Necessary for New Filaments to Appear

MEDIUM DAYS

Basic 8

Basic and sucrose 16

Basic and juice from leaf upon which the epi-

phyte grew 12

Basic, juice from leaf upon which the epiphyte

grew, and sucrose *

Basic, juice from leaf upon which the epiphyte

grew, and fragmented discs 16

Basic, sucrose, and fragmented discs 22

* Discs did not produce new filaments even after 80 days of
incubation.

agar produced the most rapid growth, this

medium was used to cultivate the algal mate-

rial needed for further experimentation.

EXPERIMENTAL PROCEDURE

The addition of growth-affecting substances

to the basic media brought about differences

in rate of growth and in the predominant

color of the algae, although each medium was

adjusted to a pH of 5.6 and placed under

similar environmental conditions. It was ob-

served that, when a mass of Phycopeltis fila-

ments is grown on nutrient media, new

filaments are sent out horizontally from the

center of the mass, forming a nearly circular

disc. This being the case, the growth rate of

an algal mass could be determined by measur-

ing the change in area covered by the disc,

a method previously used by the writer (1952)

.

The diameters of the masses were measured

at the time of inoculation and again on the

thirty-second day after inoculation. The dif-

ference, in millimeters, was then recorded.

Four cultures in each class were used in the

experiment, and the average increase was

computed. Table 2 shows the color and the

amount of growth after 32 days of incubation

under continuous light produced by fluores-

cent daylight bulbs and natural daylight.

Temperature under which the cultures grew

varied from 25°C. in natural daylight to 33°C.

in light produced by fluorescent daylight

bulbs. Experimental results showed, however,

that this temperature variation had no effect

upon color change.

When growth substances were added to the

basic medium, the algal discs grown thereon

for 32 days showed a greater increase in area

covered than did those grown for the same
length of time on the control medium. Al-

though all algal masses were predominantly

green (Eig. 1) at the time of inoculation, a

distinct change in color was observed in the

algal filaments grown on most of the media

containing growth substances. After the 32-

day growth period, the hematochrome pig-

ment was predominant in those algae grown

upon media containing indole acetic acid and

colchicine in both continuous light produced

by fluorescent daylight biilbs and in natural

daylight (Fig. 2). Algae grown upon the me-

dium containing benzimidazole became
orange in color when grown under continu-

ous light produced by fluorescent daylight

bulbs but remained green under natural day-

light. Benzimidazole had no effect upon the

TABLE 2

Results After Algae Had Grown on Media
FOR 32 Days. Green Phycopeltis Masses

Were Used as Inocula

MEDIUM

FLUORESCENT
(daylight) *

NATURAL
DAYLIGHT t

Color

Diameter

increase Color

Diameter

increase

Basic (controls)

.

Green
Mm.
0.05 Green

Mm.
0.03

Basic plus indole

acetic acid 1

gamma/ml. . . . Orange 0.12 Orange 0.09

Basic plus col-

chicine 0.1 per

cent Orange 0.15 Orange 0.12

Basic plus ben-

zimidazole 2.5

X 10-3m Orange 0.09 Green 0.05

* Continuous for 24 hours each day.

t No light supplied during the night.
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TABLE 3

Algal Masses With Orange or Green Pigment

Predominant, Incubated on Media Containing

Three Dilutions of Colchicine under
Continuous Light Produced by

Fluorescent Daylight Bulbs

MEDIUM
COLOR AT
TIME OF

INOCULATION

COLOR OF NEW
FILAMENTS

Days
inocu

after

lation1

4 8 16 24

Basic Green G G G G
Orange O O OG OG

Basic plus colchi-

cine 0.01 per cent Green G OG OG O
Orange O O O O

Basic plus colchi-

cine 0.05 per cent Green G OG O O
Orange O O O O

Basic plus colchi-

cine 0.1 per cent Green G OG O O
Orange O O O O

hematochrome accumulation in cells grown

under natural daylight. The filaments growing

on control media did not show a change in

color under continuous light produced by

fluorescent daylight bulbs or natural daylight.

Since colchicine was shown to have a def-

inite effect upon the growth rate and hema-

tochrome accumulation in Phycopeltis, experi-

ments were conducted using dilutions of this

chemical. Algal masses showing the predom-

inance of green or orange pigment were grown

on media containing three dilutions of col-

chicine, as shown in Table 3. The cultures

were grown under continuous light produced

by fluorescent daylight bulbs and examined

each day in order to determine any change in

color. Observations, however, were recorded

at the day intervals shown in Table 3. Four

cultures from each class were used in the ex-

periment.

After 24 days of incubation, the orange

pigment was predominant in all the algal

masses except those grown on the basic me-

dium; however, the change from green to

orange required less time when grown upon

a medium containing 0.05 per cent or 0.1 per

cent colchicine. In the controls (on the basic

medium) containing a predominance of green

pigment at the time of inoculation, there was

no change in color, but those controls with

a predominance of orange pigment at the time

of inoculation showed green pigment mixed

with orange.

SUMMARY

A new species of Phycopeltis, P. hawaiiensis,

has been discovered growing as an epiphyte

on leaves of a tree found on the campus of

the University of Hawaii, Honolulu, Hawaii.

Phycopeltis discs taken from leaves were cul-

tured on several media. Those grown on a

medium containing Knop’s nutrient solution

in 2 per cent agar produced the most rapid

growth. The addition of organic substances

such as sucrose or juice from the leaves upon
which the epiphyte was growing reduced the

growth rate during that period immediately

following inoculation. After 80 days, how-

ever, all cultures were growing at approx-

imately the same rate, except one. This

suggests that the medium containing Knop’s

nutrient solution in 2 per cent agar more

closely duplicated the natural nutritional re-

quirements; therefore, little adjustment was

necessary. On the other hand, the media con-

taining additional organic substances did not

duplicate the natural nutritional requirements

as closely; therefore, an adjustment period

was necessary. This brought about a delay in

the initial growth. As a rule, pigmented algae

growing on agar medium do not need addi-

tional organic compounds. There also seems

to be a limit to how much a medium can be

enriched with organic compounds and, at the

same time, produce growth. Media enriched

with sucrose and juice from the leaves upon
which Phycopeltis grew produced no growth

even after 80 days of incubation.

In all cases except one there was a greater

accumulation of hematochrome pigment and

an increase in growth rate when certain
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growth-affecting substances (indole acetic

acid, colchicine, or benzimidazole) were added

to the medium. The culture containing ben-

zimidazole and grown in natural daylight did

not show a greater accumulation of hema-

tochrome pigment or an increase in growth

rate. No attempt is made to explain the bio-

chemical effect of growth-affecting substances

upon Phycopeltis. It is shown, however, that

a greater accumulation of hematochrome pig-

ment can be brought about by increasing the

growth rate. In nutrient media, hematochrome

accumulation in Phycopeltis is correlated with

growth rate. The algal masses that showed

the greatest increase in area covered also con-

tained the greater amount of hematochrome

pigment.

Green Phycopeltis filaments incubated for

24 days upon media containing colchicine

became orange in color, whereas orange fila-

ments treated in like manner did not change

in color. The green controls remained green,

but the orange controls showed the presence

of green filaments. It is quite conclusive that

colchicine increases the accumulation ofhema-

tochrome pigment in Phycopeltis.
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Hematochrome Accumulation in an Alga— King

Plate I

Fig. 1. Filaments of Phycopeltis grown on the basic medium. Observe the predominance of chlorophyll.

Fig. 2. Filaments of Phycopeltis grown on the basic medium containing 0.1 per cent colchicine.

Observe the predominance of hematochrome.





Observations on the Oxygen Consumption of Certain Marine Crustacea^

P. B. VAN Weel, John E. Randall, and M. Takata^

Many papers dealing with the respiration of

Crustacea with respect to ecological problems

have appeared (Bull, 1931; Edwards and Irv-

ing, 1943; van Heerdt, 1940; van Heerdt and

Krijgsman, 1939; Hyman, 1932; Johnson,

1936; Munro Fox and Simmonds, 1933; Mun-
ro Fox and Johnson, 1933, 1934; Peters, 1935;

Raffy, 1934; Thienemann, 1928), but a num-

ber of these seem to give results of dubious

validity. The oxygen consumption has been

measured under different conditions of tem-

perature, oxygen tension, etc. More recently

the effect of carbon dioxide on the oxygen

consumption has also been studied (Johnson,

1936; van Heerdt, 1940; van Heerdt and

Krijgsman, 1939; Schlieper and Peters, 1937;

Segaar, 1941). However, comparative studies

using the same method and technique on a

number of Crustacea from different habitats

are rare, although the results of such investiga-

tions would have a positive bearing on eco-

logical and comparative physiological prob-

lems. It is well known that many animals,

living in a special habitat, may show a dis-

tinct physiological adaptation to that habitat.

Therefore, the oxygen consumption, at vary-

ing oxygen tensions, was studied in a number

of Crustacea from different and specific

habitats.

MATERIALS AND METHOD

The following species were selected: Meto-

pograpsus messor Forskal, a crab which appar-

^ Contribution No. 46, Hawaii Marine Laboratory.

Manuscript received August 4, 1953.

2 Professor of Zoology and graduate students, re-

spectively, in the Department of Zoology and Entomol-

ogy, University of Hawaii, Honolulu, Hawaii.

ently lives for the most part out of the water;

Pseudozius caystrus Adams and White, which

lives underneath rocks in the tidal zone; Phy-

modius ungulatus Milne Edwards and Platy-

podia granulosa Riippell, which are found in

abundance between branches of coral; Pseudo-

squilla ciliata Miers and Calappa hepatica

Linn., which live on and in sandy flats rather

devoid of organic matter (as compared with

muddy flats)
;
Podophthalmus vigil Fabricius, a

swimming crab found in large numbers on

and in muddy flats rich in organic matter.

To determine the oxygen consumption at

different tensions, each animal was placed in

a glass tube 20 centimeters long and with an

inner diameter of 26 millimeters. This tube

was closed with rubber stoppers through

which were inserted a glass inlet tube at one

end, and an outlet tube and a thermometer

at the other end. Water, containing a known
quantity of oxygen in solution, flowed from

a carboy through the tubes. An overflow,

which gave a constant head of pressure, and

screw clamps adjusted the flow and kept it at

a constant rate of 50 cubic centimeters per

minute (3 liters per hour). Care was taken

that no air bubbles remained in the whole

system. Samples of 125 cubic centimeters were

taken from the in- and outflowing water (5

minutes "overflow time" was allowed to pre-

vent errors caused by absorption of oxygen

from the air) and immediately titrated (Win-

kler method) to determine the quantity of

oxygen present. The animals were left in the

flowing water for at least 30 minutes before

a sample was taken, whenever water of differ-

ent oxygen content was used. Control ex-

periments showed that this period of time

209
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was sufficient to equilibrate the oxygen con-

sumption in the new medium. This method
also precluded the possibility of an accumula-

tion of excretions which might affect the

results of the Winkler titration.

The animals could move in their containers,

but usually they very soon became inactive

and quiet. However, inasmuch as they were

not artificially immobilized and did move now
and then, certain fluctuations did appear in

the oxygen consumption. This condition was

included because it is known (Jordan and

Guittart, 1938) that artificial immobilization

markedly affects the rate of oxygen consump-

tion. The results of experiments with animals,

which for some reason or other remained

restless, were discarded because their oxygen

consumption was very irregular, as could be

expected.

The percentage of oxygen in the water in

the carboy was varied by bubbling nitrogen

through it for varying periods of time or by

adding normal sea water to oxygen- deficient

water. As the present investigation was con-

cerned with the effect of varying oxygen ten-

sions on the oxygen consumption at normal

temperatures and as no method of maintain-

ing the temperature at a constant room tem-

perature was available, no special provisions

were made to keep the temperature at a con-

stant level throughout all experiments. How-
ever, the large carboys (5-gallon capacity)

insured a comparatively constant temperature

during a whole experiment, the greatest dif-

ference encountered being 0.5°C. between

start and finish.

Several attempts were made to count the

number of beats per minute of the scaphog-

nathites and pleopods. At the normal high

temperature their movements were so quick

and the rhythm often so irregular (especially

at lower oxygen tensions) that it was impos-

sible to obtain satisfactory counts. However,

it was sometimes possible to observe an in-

crease or decrease of the rate of the beats.

Prior to each experiment the animals were

starved for 24 hours.

EXPERIMENTS

The results of the determinations of the

oxygen content of in- and outflowing water

are presented in Table 1, which also includes

the weight of each animal and the temperature

of the water. The percentage of oxygen con-

sumed by the animals as a function of oxygen
present in the inflowing water has been

computed.

TABLE 1

The Percentage of Oxygen Consumed from
Flowing Water of Varied Oxygen Concen-
tration BY Several Species of Crustacea

SPECIES

CC. OF 02 PER

LITER

PERCENTAGE
OF OXYGEN
CONSUMED

Inflow Outflow

Pseudozius caystrus 6.24 6.08 2.6

Weight 6.24 6.06 2.9

3 grams 6.09 5.93 2.6

Temperature 5.28 5.18 1.9

27.5-27.8°C. 4.38 4.26 2.7

4.38 4.23 3.4

4.38 4.20 4.1

2.88 2.83 1.7

2.88 2.84 1.4

2.59 2.42 6.6

2.17 1.99 8.3

1.67 1.57 6.0

1.67 1.57 6.0

1.27 1.18 7.1

1.27 1.14 10.2

1.2T 1.11 8.3

1.18 1.13 4.2

1.18 1.13 4.2

Weight 6.18 6.01 2.8

2.9 grams 6.12 5.97 2.5

Temperature 6.12 5.98 2.6

26.6-27.0°C. 5.61 5.50 2.3

4.40 4.31 2.1

4.40 4.29 2.5

3.83 3.76 1.9

3.51 3.46 1.4

2.90 2.86 1.4

2.63 2.48 5.7

2.08 1.93 7.0

1.80 1.66 7.8

1.59 1.46 8.2

1.31 1.19 9.1

1.31 1.20 8.5

1.12 1.08 3.6

1.12 1.07 4.5

1.12 1.07 4.5
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TABLE 1 (Continued) TABLE 1 (Continued)

SPECIES

CC, OF 02 PER

LITER

PERCENTAGE
OF OXYGEN
CONSUMED SPECIES

CC. OF 02 PER

LITER

PERCENTAGE
OF OXYGEN
CONSUMED

Inflow Outflow Inflow Outflow

Metopograpsus messor 6.24 6.03 3.4 3.30 2.81 14.8

Weight 6.24 6.08 2.6 3.28 2.73 16,8

5.9 grams 5.71 5.62 1.6 3.18 2.80 12.0

Temperature 5.71 5.64 1.2 2.99 2.52 15.7

27.5-27.8°C 5.28 5.16 2.3 2.75 2.33 15.3

5.28 5.19 1.7 2.69 2.33 13.4

4.38 4.18 4.5 2.61 2.19 16,1

4.38 4.21 3.9 2.58 2.24 13.2

3.91 3.79 3.1 2.20 1.76 20.1

3.91 3.82 2.3 1.98 1.55 . 21.7

2.88 2.81 2,4 1.83 1.37 25.1

2.88 2.78 3.4 1.59 1.22 23.3

2.59 2.40 7.3 1.54 1.19 22.7

2.59 2.45 5.4 1.45 1.05 27.6

2.17 1.93 11.1 1.35 0.98 27.4

2.17 1.98 8.8 1.31 1.01 22.9

1.27 1.10 13.4 1.19 1.00 16.0

1.27 1.09 15.7

1.21 1.07 11.6 Weight 4.23 3.64 13.9

1.21 1.09 9.9 6.8 grams 4.23 3.68 13.0

1.18 1.06 10.2 Temperature 4.10 3.48 15.1

1.18 1.07 9.3 26.1-26.4°C. 4.08 3.48 14.7

0.96 0.93 3.1 3.53 3.11 11.9

3.20 2.84 11.3

Weight 6.18 6.01 2.8 2.61 2.15 17.6

6.2 grams 6.12 5.97 2.5 2.20 1.78 19.1

Temperature 6.12 5.94 2.9 2.18 1.73 20.6

26.6-27.0°C. 5.61 5.50 2.0 2.18 1.72 21.1

4.40 4.29 2.5 1.91 1.47 22.0

4.40 4.25 3.4 1.80 1.37 23.9

3.83 3.70 3.4 1.80 1.36 24.4

3.51 3.40 3.1 1.37 1.03 24.9

2.90 2.81 2.8 1.37 1.05 23.4

2.63 2.57 2.3 1.37 1.03 24.9

2.08 1.92 7.7 1.14 0.98 14.0
1 so 1.60 11.11 oOU

1.59 1.40 12.0 Pseudosquilla clUata 4.19 3.86 7.9

1.31 1.16 11.4 Weight 4.19 3.86 7.9

1.31 1.16 11.4 4.7 grams 4.17 3.87 7.2

1.12 1.03 8.0 Temperature 4.15 4.02 3.1

1.12 1.05 6.3 26.0-26.2°C. 4.14 3.95 4.6

1.12 1.06 5.4 4.14 4.05 2.2

4.14 4.07 1.7

Calappa hepatka 4.19 3.57 148 4.09 3.85 5.9

Weight 4.19 3.57 14.8 3.68 3.56 3.3

7.9 grams 4.17 3.64 12.7 3.50 3.33 5.0

Temperature 4.17 3.49 16.3 3.28 3.22 2.4

26.0-26.2°C. 4.15 3.80 8.4 2.99 2.89 3.3

4.14 3.73 9.9 2.75 2.64 4.0

4.14 3.73 9.9 2.74 2.57 6.2

4.14 3.71 10.4 2.73 2.61 4.4

4.09 3.73 8.8 2.69 2.53 5.9

3.68 3.24 12.0 2.61 2.48 3.1

3.68 3.16 14.0 2.58 2.42 5.9

3.49 3.10 11.3 2.20 1.97 10.3

3.39 2.87 15.3 2.00 1.77 11.5
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TABLE 1 (Continued) TABLE 1 (Continued)

SPECIES

CC. OF 02 PER

LITER

PERCENTAGE
OF OXYGEN
CONSUMED SPECIES

CC. OF O2 PER
LITER

PERCENTAGE
OF OXYGEN
CONSUMED

Inflow Outflow Inflow Outflow

1.98 1.71 13.9 1.85 1.41 23.8

1.59 1.36 14.5 1.85 1.41 23.8

1.45 1.27 12.4 1.61 1.22 24.2

1.31 1.15 12.2 1.61 1.22 24.2

1.28 1.00 21.9

Phymodius ungulatus 4.53 3.75 17.2 1.28 1.00 21.9

Weight 4.53 3.89 14.1

12.5 grams 3.46 3.12 9.8 Podophthalmus vigil 4.02 3.68 8.5

Temperature 3.12 2.90 7.1 Weight 3.93 3.59 8.7

26.8°C. 2.98 2.86 4.0 10.0 grams 3.16 2.73 13.6

2.93 2.59 11.6 Temperature 3.02 2.59 14.1

2.93 2.55 13.0 26.5-26.8°C. 2.95 2.56 13.2

2.66 2.33 12.4 2.63 2.29 12.9

2.46 2.03 17.5 2.48 2.16 12.9

2.35 1.78 24.3 2.33 1.96 15.5

1.78 1.28 28.1 2.13 1.87 12.2

1.50 1.30 13.3 1.99 1.67 16.1

1.34 1.16 13.4 1.79 1.53 14.5

1.60 1.36 15.0

Weight 4.56 3.92 14.0 1.41 1.19 15.6

11.9 grams 4.41 3.77 14.5 1.38 1.10 20.3

Temperature 3.59 3.23 10.0 1.34 0.98 26.9

26.5-26.8°C 3.59 3.26 9.2

2.92 2.51 14.0 Weight 4.53 4.19 7.5

2.71 2.35 13.3 11.1 grams 4.11 3.76 8.5

2.60 2.26 13.0 Temperature 3.78 3.41 9.8

2.38 1.92 19.3 26.3-26.6°C. 3.09 2.68 13.3

2.33 1.85 20.6 3.00 2.64 12.0

1.85 1.52 17.8 2.73 2.36 13.6

1.61 1.38 14.3 2.38 2.08 12.6

1.61 1.39 13.7 2.25 1.97 12.0

1.28 1.11 13.3 2.01 1.74 13.4

1.85 1.57 15.0

Platypodia granulosa 4.53 3.57 21.2 1.75 1.50 14.3

Weight 4.53 3.42 24.5 1.54 1.31 14.9

6.0 grams 3.46 2.88 16.8 1.43 1.40 16.1

Temperature 3.12 2.58 17.3 1.32 0.99 25.0

26.8°C 2.98 2.57 13.8 1.20 0.97 19.1

2.93 2.40 18.1 1.17 0.98 16.2

2.93 2.53 13.7

2.66 2.14 19.5

2.53 2.18 13.8 DISCUSSION AND CONCLUSIONS
2.46 2.05 16.7

2.35 1.72 26.8 With respect to adaptation in the consump-
1.78

1.50

1.35

1.14

24.2

24.0
tion of oxygen, two main groups of animals

1.34 0.98 26.9 can be distinguished: (1) those animals which

show a regulation and (2) those showing an
Weight

6.3 grams

4.56

4.41

3.48

3.49

23.7

20.9
adjustment. The first group possesses mechan-

Temperature 3.59 2.97 17.3 isms which permit the consumption of con-

26.5-26.8°C. 2.92
O ”71

2.41 17.5
^’7 f\

stant quantities of oxygen per unit of time,
Z. /i

2.60

Z.Zj

2.18

i /,U

16.2
even when the oxygen tension varies mark-

2.33 1.70 27.0 edly. They therefore actively regulate their

2.33 1.71 26.6 respiration. The second group is
' unable to
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do so. Consequently, their oxygen consump-

tion varies (more or less) proportionately with

the oxygen tension of the surroundings.

The Crustacea used in these experiments

obviously belong to the large group of ani-

mals with an adjustable respiration. They lack

the ability to regulate (at least to any appre-

ciable extent) their oxygen consumption when

the oxygen content of the water is altered.

The oxygen consumption varies with the oxy-

gen tension (Maloeuf, 1936) and according

to Amberson et al. (1924) may even be di-

rectly proportional to it. Our experiments

confirm this (Table 1). Phymodius ungulatus

and Platypodia granulosa seem to consume

even less oxygen than expected when the

oxygen content of the water is first reduced.

After this initial period, however, oxygen con-

sumption proportionate to the tension be-

comes apparent.

It has been claimed that many Crustacea

do have a regulating mechanism in that they

increase the rhythm of the beat of the scaph-

ognathites and pleopods when the oxygen

content of the water decreases (Munro Fox

et al., 1933, 1934; Johnson, 1936; Schlieper

and Peters, 1937; van Heerdt and Krijgsman,

1939; van Heerdt, 1940). As these structures

are the propellers by means of which the

water flow is directed over the gills, an in-

crease of the beat will bring the gills in con-

tact with a larger quantity ofwater from which,

consequently, more oxygen can be absorbed.

In such cases some kind of regulation may be

expected, not a typical adjustment as found

in our experiments. Although, as mentioned

before, we have been unable to make exact

counts, in some cases an increase in the beat

was noted when the oxygen tension of the

water started to decrease. This would there-

fore point toward a regulation; but if so, then

it must be very weak and is therefore not

apparent in the direct results. However, when
the utilization of oxygen (the oxygen con-

sumed expressed as the percentage of the

available oxygen in the water) is studied, such

a weak regulation may eventually be found.

As long as the utilization remains constant

when the oxygen tension of the water de-

creases, it means that there is little or no

regulation, and the respiration is therefore of

the adjustable type. When the utilization curve

rises, it means that there is some regulation,

that more oxygen is consumed than would

be the case in the adjustment type of respira-

tion. A drop of the curve means a decrease

in oxygen consumption, as compared with

the adjustment type of respiration.

Before the results with respect to the utili-

zation of oxygen can be discussed, the ques-

tion arises as to what can be the (primary)

cause of regulation or adjustment in the proc-

ess of respiration. Considering the simplest

possibility, this is based on a limiting factor.

Respiration being de facto an oxidation, the

limiting factor can be either the oxidizable

substances or the oxygen available. If there

is an ample quantity of the former, the amount

of oxygen reaching these substances must be

regulated to maintain oxidation at a constant

level. To increase (or decrease) this level, more

(or less) oxygen must be admitted. Here oxy-

gen is clearly the limiting factor. In the case

of the oxidizable substances being the limit-

ing factor, the rate of oxidation is determined

by the amount of such substances made avail-

able by the organism.

An objection may be raised in that the

possibility might exist that there is a com-

plete tissue oxygen saturation in the organism

which becomes unsaturated at lower tensions,

resulting in increased utilization at that point.

In that case, however, the utilization curve

will steadily rise with decreasing oxygen ten-

sion of the water, because the quantity of

oxygen consumed by the tissues remains con-

stant. This is not the case (Figs. 1-7). Ad-

mittedly, the alternative between "fuel” (oxi-

dizable substances) and available oxygen as

limiting factors is probably too simple but

is unavoidable at this time as far too little is

known of the intracellular respiration proc-

esses in Crustacea to include them in the

picture. As long as such processes in this
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Fig. 1. Oxygen utilization in Pseudozius caystrus. Abscissa—cubic centimeters of oxygen per liter of water;

ordinate—percentage of oxygen consumed from the oxygen available.
/

group of animals are not well understood, a

simple picture seems preferable and justified.

According to our results (Table 1), the

amount of oxygen consumed decreased with

the decrease of the oxygen present over the

entire range of the experiments. Oxygen
seems, therefore, to be the limiting factor. If

so, the utilization curve must run parallel to

the abscissa. But this is not the case for the

entire curve. Figures 1-4 show, for example,

that as soon as the oxygen content of the

water reaches a certain low level (Pseudozius

2.8-3 cc. O2/L, Metopograpsus 2.S-3.

2

cc. O2/I.,

Calappa 3.0-3. 2 cc. O2/L, and Pseudosquilla

about 2.9 cc. O2/L) the utilization curve rises.

This points definitely toward a regulation,

6.0 5.0 4.0 3.0 2.0 1.0

Fig. 2. Oxygen utilization in Metopograpsus messor. Abscissa—cubic centimeters of oxygen per liter of water;

ordinate—percentage of oxygen consumed from the oxygen available.
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which is probably not the result of a sudden

increase of the rhythm of the beat of the

scaphognathites or pleopods, because such a

sudden increase was never observed. On the

contrary, at low oxygen tensions these struc-

tures very often beat quite irregularly, but

apparently more slowly. This means, there-

fore, that oxygen is no longer the limiting

factor in oxygen consumption. The fact that

the amount of available oxygen decreases

whereas its utilization increases and the water

propelling mechanisms do not show a sudden

acceleration can have but one meaning: more

oxidizable substances become available for

(direct) oxidation. This must be the result

Fig. 3. Oxygen utilization in Calappa hepatica. Ab-
scissa-cubic centimeters of oxygen per liter of water;

ordinate—percentage of oxygen consumed from the

oxygen available.

of a change in metabolic processes which

produce such readily oxidizable substances.

Such a metabolic mechanism must be con-

sidered an important "safety measure" to the

animals, as they can now maintain life under

conditions which would probably prove fatal

without it. However, it does not actually

change the animal from an "adjustment" into

a "regulation" type, as the total oxygen con-

sumption continues decreasing with the oxy-

gen content of the water. A moment will

come at which the amount of oxidizable sub-

stances set free in the tissues is no longer

sufficient to maintain life with the available

oxygen. Then the utilization curve will de-

Fig. 4. Oxygen utilization in Pseudosquilla ciliata.

Abscissa—cubic centimeters of oxygen per liter of

water; ordinate-percentage of oxygen consumed from

the oxygen available.

crease sharply (Figs. 1-7), and death will be

the result in a comparatively short time. At

the relatively high temperatures encountered

in Hawaii, the crabs usually die in 1 to 2

hours when the water contains less than 0.96

cc. O2/I., but they stay alive for at least 3

hours when 1.4 cc. O2/I. is present. At lower

temperatures, wherein the metabolism is at

a much lower level, they seem to withstand

lower oxygen tensions successfully. Jordan

and Guittart (1938) reported, for instance,

that at 13°C. Potamohiusfluviatilis lived for 2.5

hours in water containing only 0.35 cc. O2/I.,

after which period the experiment was ter-

minated.

The suggestion that certain substances used

in respiration are liberated by the tissues, by

Fig. 5. Oxygen utilization in Phymodius ungulatus.

Abscissa—cubic centimeters of oxygen per liter of

water; ordinate—percentage of oxygen consumed from

the oxygen available.
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Fig. 6. Oxygen utilization in Platypodia granulosa.

Abscissa— cubic centimeters of oxygen per liter of

water; ordinate—percentage of oxygen consumed from
the oxygen available.

some life process, at low oxygen tensions is

not as hypothetical as it seems to be. Helff

(1928) has already discussed the possibility

of oxygen being secreted by the tissues, but

this idea has been rejected, chiefly because of

errors in his experimental method (Maloeuf,

1936). Recently Harnisch (1951), using a bet-

ter technique, reached the same conclusion

in his experiments on Chirommus larvae. He
was able to prove this assumption correct by

investigating the hemoglobin of the larvae

spectrophotometrically: at very low oxygen

tensions the hemoglobin contained more oxy-

gen than would be possible without such a

secretion. By observing the living animal con-

tinuously, he could actually observe the re-

oxidation of the reduced hemoglobin. When,
however, the oxygen reserve was consumed

(probably because of a weakening of the life

processes necessary to liberate the oxygen,

which means that the latter was not present

in reserve as free oxygen), re-oxidation of the

hemoglobin ceased. Koenen (1951) also men-

tioned the sudden rise of oxygen consump-

tion at low oxygen tensions in her experiments.

The utilization curves of Phymodius and

Platypodia (Figs. 5, 6) slope down in the be-

ginning of the experiment. This may be

caused by an ineffective propelling mechan-

ism. At 3-3.2 cc.02/h (Phymodius) and 2.9-3.

1

cc. O2/I. [Platypodia), we again get the sudden

PACIFIC SCIENCE, VoL VIII, April, 1954

rise of the curve, followed by the now familiar

decrease at 1.8-2. 2 cc. O2/L

The mud- dweller Podophthalmus, on the

other hand, shows from the beginning a

slight increase of the utilization curve (Fig.

7) which may be due to a more effective

stroke of the scaphognathites. Some regula-

tion might be expected in an animal living in

a habitat that is usually poor in oxygen. Be-

cause of the adaptation to such a habitat, we

would also expect the safety measure to occur

at a lower oxygen tension than in animals

normally living in much better aerated water.

The curve shows, indeed, a steep rise at 1.5

cc. O2/I. The final drop seems to occur at

around 1.3 cc. 02/h How do these data fit

into the ecological pattern.^ We cannot expect

the safety measure to be thrown into gear at

very low oxygen tensions in Metopograpsus

(practically an air-breather)
,
Pseudozius (which

lives in well-aerated water of the tidal zone),

or Phymodius and Platypodia (which live on

corals). Here, due to currents and, during the

day, to photosynthesis by algae, the water is

certainly not poor in oxygen. Calappa and

Pseudosquilla, living on sandy flats in shallow

water, seem to be in a less favorable situation.

However, the organic matter present is not

very abundant (as compared with organic

mud), and minute algae covering the surface

will produce during the day a fairly abundant

Fig. 7. Oxygen utilization in Podophthalmus vigil.

Abscissa—cubic centimeters of oxygen per liter of

water; ordinate-— percentage of oxygen consumed from

the oxygen available.
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supply of oxygen, so that only during the

night an appreciable drop of the oxygen ten-

sion of the water may be expected. Again,

currents and tides will counteract this drop

in part, so that the local oxygen deficiency is

probably not very great.

With Podophthalmus the picture is a differ-

ent one. The crab, which swims surprisingly

little and remains buried in the mud during

the day, lives in a habitat decidedly poor in

oxygen. A physiological adaptation could be

expected and is apparent: utilization shows

a gradual but definite increase until a level

of 3 cc. O2/I. is reached, after which it in-

creases more slowly and evenly until the water

contains 1.4 cc. O2/I., at which point the

safety measure is thrown into gear.

SUMMARY

1. The oxygen consumption of Metopograp-

sus messor Forskal, Pseudozius caystrus Adam
and White, Phymodius ungulatus Milne Ed-

wards, Platypodia granulosa Riippell, Calappa

hepatica Linn., Pseudosquilla ciliata Miers, and

Podophthalmus vigil Fabricius in running sea

water of varying oxygen tensions was studied.

All these animals belong to the so-called ad-

justable type of respirers, in that oxygen con-

sumption decreases more or less proportion-

ately with the oxygen tension of the water.

2 . Analysis ofthe utili zation ofoxygen (per-

centage of oxygen consumed from the avail-

able oxygen) shows that at low oxygen

tensions the metabolism of the animals

changes, a change which counteracts partly

the lack of oxygen of the surroundings.

3. The ecological importance of the dif-

ferent types of oxygen utilization is discussed.
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The Polyclad Genus Pseudoceros, with Special Reference to the

Indo-Pacific Region

Libbie H. Hyman^

The occasion of this article is the acquisition

of three species of the polyclad genus Pseudo-

ceros from the region of the Coral Sea. Pseudo-

ceros is one of the most populous polyclad

genera. In 1950, Marcus (1950: 84-88) listed

79 names in this genus, but the elimination

of synonyms and of species that should be

transferred to the genus Acanthozoon because

of their papillate dorsal surface reduces the

list to 72. The list, however, omits seven

Pseudoceros species described from Japan by

Stimpson (1855: 380; 1857: 25-26) and ac-

knowledged as valid by Kato (1944: 298).

Marcus further left out of consideration six

more of the Kelaart-Collingwood species that

are figured in color by Collingwood (1876:

90-97) and that probably belong to Pseudo-

ceros. One of these, Eurylepta affinis, has been

refound in the Philippines and is validated as

a species of Pseudoceros by Stummer-Traunfels

(1933: 3566). To these must be added two

species described by Kato (1944: 301), three

by Marcus (1949: 86; 1950: 81; 1952: 91),

and four by me (Hyman, 1953: 363-370). I

have further shown that Amhlyceraeus luteus

Plehn, 1898, must be transferred to Pseudo-

ceros (Hyman, 1953: 366). One must further

note that Stummer-Traunfels (1933: 3565)

gave colored figures of 11 more species of

Pseudoceros but did not name them; three of

these came from the Siboga collections in the

Netherland East Indies, six were taken by

Semper in the Philippines, and one each came

from Zanzibar and Batavia. Clearly there are

at least 100 species of the genus mentioned

in the literature.

1 American Museum of Natural History, New York.

Manuscript received June 19, 1953.

The genus is characteristic of tropical and

subtropical waters and appears to center in

the Indo-West Pacific region. Two species are

known from the Gulf of California and two
from the California coast (Hyman, 1953: 363-

370). Pseudoceros canadensis (Hyman, 1953:

368), from British Columbia and since found

abundantly in Puget Sound, is a surprising

exception to the usual limitation of the genus

to warmer waters. This appears to be the most

northerly record for the genus. Plehn (1896:

171) reported the occurrence of the Mediter-

ranean species P. splendidus Stummer-Traun-

fels, 1933 (
= P. superbus Lang, 1884) in the

Galapagos Islands, but the identification ap-

pears dubious. In the western tropical Atlan-

tic, four species were reported from Bermuda

by Verrill (1900: 596; 1901: 42) of which
'

three are endemic and one is the Mediter-

ranean P. splendidus. Hyman (1939: 17) added

another Bermudan species and reported the

refinding of splendidus and of two of VerrilPs

species at Bermuda. Surprisingly there are no

records of the genus in the West Indies and

Caribbean except for P. splendidus at Puerto

Rico (Hyman, 1954). The species P. macu-

losus Pearse (1938: 85) from the Gulf of Mex-
ico is stated to have a papillate dorsal surface

and therefore should presumably be trans-

ferred to the genus Acanthozoon. Three spe-

cies have been described from the Brazilian

coast by Marcus (1949: 86; 1950: 81; 1952:

91). Three species are recognized by Lang

(1884: 538-542) from the Mediterranean, but

there seem to be no other findings in the

eastern tropical Atlantic. One species de-

scribed by Palombi (1928: 605) from the

Suez Canal, three by Meixner (1907: 465-

473) from French Somaliland, and 22 listed

219
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by Kato (1944: 298-302) as Japanese may
perhaps be regarded as belonging in the

fringes of the Indo-Padfic region. This is

certainly true of some of the localities on

Kato’s list. Thus, well over half the described

species belong to the Indo-Pacilic area, and

this area has certainly not been thoroughly

collected for polyclads. Outside this area, the

various species appear to have a limited dis-

tribution as each region furnishes different

species, except for P. splendidus, reported from

the Mediterranean, Bermuda, and Puerto

Rico. Within the Indo-Pacific area, species

apparently may range widely.

The genus Pseudoceros is easily recognized

by the combination of a ruffled pharynx, mar-

ginal tentacles as upfolds of the anterior mar-

gin, and an anastomosed intestine that origin-

ates by many branches from the main intestine.

If the species with small papillae over the

dorsal surface are to be separated as a distinct

genus, then the possession of a smooth dorsal

surface becomes another character of Pseudo-

ceros. Contrasting with the easy recognition

of the genus is the great difficulty of separat-

ing the species; they are very similarly con-

structed, and the color pattern, which is often

very striking, becomes almost the only means

of distinguishing them. Preserved specimens

not accompanied by color notes are almost

impossible to identify. However, even with a

full knowledge of the color pattern one is

often puzzled to know whether the color cor-

respondence with a described species is suffi-

ciently close or not. Little is known of color

variation in the genus except that some species

are described as showing considerable color

variation. Therefore, other possible identify-

ing characters should not be neglected in a

specific description in the genus, especially

the details of the copulatory apparatus. Al-

though the reproductive system, too, is very

similarly constructed throughout the genus,

minor differences are evident in the copula-

tory apparatuses and often prove helpful in

species discrimination. The difficulties of spe-

cies discrimination on the basis of color alone

will be evident in the following account.

Pseudoceros bedfordi Laidlaw, 1903

This species was originally described (Laid-

law, 1903: 314) from a defective specimen
taken at Singapore. Later, Bock (1913: 254)

came into possession of a perfect specimen

collected off Billiton on the island of Min-
danao in the Philippines. Bock’s specimen

was 35 millimeters long by 20 millimeters

wide. He gave an excellent figure showing the

very distinctive and unmistakable color pat-

tern and also verified the paired condition of

the male copulatory apparatus. Subsequently,

Kato (1943: 87) reported the species as com-
mon in the Palau Islands, swimming about

in shallow water. Kato also gave a good figure

to illustrate the color pattern. His specimens

were relatively small, ranging from 20 to 35

millimeters in length and 10 to 20 millimeters

in breadth.

The present specimen is a fine, large, per-

fect example collected at Heron Island in the

Great Barrier Reef of Australia in the summer
of 1952. It is the largest specimen on record,

measuring 60 millimeters in length and 45 in

width. The color pattern quite agrees with

the figures of Bock and Kato. On a purplish-

brown ground (described by previous ob-

servers as greenish black or dark brown) are

found numerous arcs and dashes of a buff

color, distributed irregularly but in a bilateral

pattern over the dorsal surface.

The specimen has been deposited in the
|

American Museum of Natural History. The !

species is evidently widely spread throughout
!

the Indo-Pacific area.
|

Pseudoceros concinnus (Collingwood) ji

1876
j

Fig. 1 '

Proceros concinnus Collingwood, 1876: 90, pi.
j

17, fig. 4.
||

Several specimens, assigned with some re-

serve to this species, were presented to me
by Dr. A. G. Humes, who collected them on
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November 5, 1944, under pieces of coral rock

exposed by the tide at Mios Woendi, Padaido

Island, near Biak, Dutch New Guinea.

This is a relatively small species, varying in

length from 15 to 25 millimeters. The body

is of elongate oval form (Fig. la), with the

usual pair of tentacular folds at the anterior

margin, bearing eyes as shown in Figure lb.

Shortly behind the tentacular folds in the

middorsal line are found the two small clust-

ers of cerebral eyes over the brain region. The

color is stated by the collector to have been

orange with a bright blue border l/l6-inch

wide. No trace whatever of this color remains

in the preserved specimens. Cleared whole

mounts show the typical features of the genus,

in addition to the tentacular folds (Fig. la).

There is a short but broad, highly ruffled

pharynx, consisting of a few greatly folded

lateral branches. Immediately behind the phar-

ynx is seen the single male apparatus and

behind this the female gonopore surrounded

by the usual radiating cement glands. The

relative positions of male and female gono-

pores and of the sucker appear in Figure la.

Behind the female gonopore the main intes-

tine extends posteriorly, ending blindly some

distance anterior to the posterior margin and

giving off along its course numerous side

branches that anastomose at once into a fine-

meshed network as typical of the genus. Only

the proximal meshes are drawn in Figure la.

Along each side of the main intestine courses

a uterus filled with eggs.

All the specimens are sexually mature. In

view of the difficulties of species identifica-

tion in the genus, the sexual region of one

specimen was sectioned and a sagittal view

of the copulatory apparatuses is given in Fig-

ure Ic. The expanded sperm ducts unite to a

short, common sperm duct that enters the

rear end of the male apparatus, consisting of

a long tubular seminal vesicle with thick mus-

cular wall of circular fibers, and a small oval

prostatic vesicle. The ducts of these two vesi-

cles enter the small penis papilla within which

they unite. The penis papilla bears the usual

stylet surrounded by a penis sheath, and pa-

pilla and sheath lie in the inner end of a

somewhat extensive and irregularly formed

male antrum that opens below by the male

gonopore. The female gonopore leads into a

vertical tubular female antrum that opens into

the short, laterally expanded cement pouch;

this receives on all sides the usual masses of

cement glands. From the cement pouch the

vagina continues dorsally with a backward

curve and soon receives the two uteri. All of

the features of the copulatory apparatuses are

typical of the genus but the details should

serve to distinguish this species from others

of similar coloration. The most distinctive

feature of the copulatory apparatuses is the

long, tubular, and thick-walled seminal vesi-

cle, contrasting with the relatively small

prostatic vesicle.

Unfortunately, none of the preceding de-

scriptions assigned to P. concinmis give any

details of the sexual anatomy, and as the

statements about the color are somewhat dis-

crepant I am not able to identify my spec-

imens with certainty as P. concinnus. In the

original description the length is given as

15 millimeters, hence averaging less than the

present specimens, and the color is described

as cream, approaching yellow, with a blue

border composed of contiguous spots, and a

narrow middorsal blue streak. The type local-

ity is Labuan Island, off Borneo.

Lang (1884: 593) merely repeated the orig-

inal description of Proceros concinnus without

offering any opinion as to its systematic po-

sition. Laidlaw (1903: 315) reported several

specimens obtained from the Straits of Ma-
lacca that were "colored exactly like Proceros

concinnus Coll., viz., they are blue, with orange

margin and median stripe"! This is either a

slip of the pen in reverse or, more likely, the

coloration actually was the reverse of that of

Collingwood’s species. As Laidlaw’s speci-

mens were also very small, 8 to 10 millimeters

in length, it appears certain that they were

not P. concinnus. The surmise of Laidlaw,

accepted later by Kaburaki (1923: 643), that
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Fig. 1. Pseudoceros concinnus. a. Entire specimen as cleared whole mount; b, anterior end showing tentacular

folds and eye arrangement; c, sagittal view of the copulatory apparatuses, anterior end below. 1, Tentacular folds;

2, tentacular eyes; 3, cerebral eyes; 4, ruffled pharynx; 5, male gonopore; 6, seminal vesicle; 1, sperm duct; 8,

female gonopore; 9, cement glands; 10, sucker; 11, main intestine; 12, lateral branches of main intestine; 13,

uteri; 14, male antrum; 15, penis stylet; 16, penis sheath; 17, penis papilla; 18, prostatic vesicle; 19, prostatic

duct; 20, ejaculatory duct; 21, female antrum; 22, cement pouch; 23, vagina; 24, one of the uteri.
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P. cmcinnus is a euryleptid is dearly erroneous

as Collingwood definitely notes the presence

of an ”arbusculiform alimentary tube occupy-

ing the anterior third.” In other words
,
Col-

lingwood’s species had a ruffled pharynx and

hence is definitely a Pseudoceros. Kaburaki

(1923 : 642) assigned to P. concinnus a single

specimen collected at Tawi Tawi, Philippines.

This was estimated to have been 55 milli-

meters long when alive, extended, and the

color is stated to have been pale cream buff

with a narrow border of cobalt blue and two

longitudinal blue lines on the median dorsal

region. The correctness of Kaburaki’s iden-

tification is certainly open to doubt. Stummer-

Traunfels (1933: following p. 3596) presents

a colored plate on which there are depicted a

number of species of Pseudoceros, mostly un-

described and unnamed. One of these, his

Figure 9, is said to be P. concinnus, but this

specimen is blue with three dorsal longitu-

dinal yellow stripes, hence does not agree at

all with the original description. On the other

hand, Figure 16 on the same plate, said to be

an undescribed Pseudoceros collected by Sem-

per in the Philippines, is deep yellow with

a blue border composed of spots and hence

agrees very well with the present specimens

and with the original description except for

the lack of a middorsal blue stripe. This spec-

imen is 22 millimeters long, and I judge it

to be identical with the present specimens.

Evidently there are common throughout

the Indo-Pacific area members of the genus

Pseudoceros that are of relatively small size and

slender form and that are colored cream to

orange with a blue border and with or without

one or two middorsal blue stripes. Whether

all these are the same species and whether all

or some are P. concinnus must remain uncer-

tain in the present state of information. The
present specimens have been deposited in the

American Museum of Natural History.

Pseudoceros corailophilus n. sp.

Fig.- 2

A single specimen collected at Heron Is-

land, Great Barrier Reef of Australia, in the

summer of 1952, has been given a new trivial

name with some hesitation, but as it does not

appear to correspond to any described species,

naming it may offer a certain convenience.

The specimen (Fig. 2) is 22 millimeters

long by 12 millimeters wide, but as it is some-

what contracted and, further, is juvenile, the

species would evidently attain a much larger

size. The form is oblong oval. No color notes

accompanied the specimen, but the color ap-

pears well preserved and the pattern differs

from that of any described species, as far as

I can ascertain. The ground color is a dusky

brown, and there is a heavy black border; to

Fig. 2. Pseudoceros corailophilus, entire specimen as

cleared whole mount. 1, Tentacular folds; 3, cerebral

eyes; 4, ruffled pharynx; 10, sucker; 11, main intestine;

25, white margin; 26, black border; 27, yellowish-

brown band; 28, mouth.

i
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the outer side of this black border is a very

thin white or pale margin, and to its inner

side is a rather wide band of a yellowish-

brown hue, indicated by light stippling in

Figure 2. Because of the black border, eyes

could not be detected on the tentacular folds

at the center of the anterior margin. Behind

these folds are the usual small paired clusters

of cerebral eyes. The pharynx is short and

broad, with a few much-branched lateral folds.

From behind the pharynx the main intestine

extends posteriorly in the middorsal region,

terminating blindly well anterior to the pos-

terior margin. The net-like intestine, originat-

ing from the main intestine by numerous

branches and spread throughout the body,

is plainly seen on the whole mount but has

not been represented in Figure 2. The position

of the sucker is shown in Figure 2. The animal

is totally without any part of the reproductive

system, except that the position of the female

gonopore is indicated by a few cement glands.

The type specimen as a whole mount has been

deposited in the American Museum of Natu-

ral History. It has been left unstained and

preserves the original coloration.
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Notes on Banana Varieties in Hawaii

N. W, SlMMONDS^

Knowledge of the botany of the banana

has been advanced considerably in recent years

by the taxonomic researches of Cheesman

(1947 et seq.). It is now clear that the edible

bananas have originated from three wild spe-

cies of which one, Musa acuminata Colla, is

by far the most important. This species be-

longs to the section Eumusa of the genus

Musa and is a variable (but constantly diploid)

species with 2n = 22 chromosomes. Many edi-

ble varieties have derived from it, some being

diploid, some triploid (2n = 3x = 33). Musa
halbisiana Colla is another diploid Eumusa,

and it has contributed to the origin of edible

bananas by hybridity with M. acuminata.

Upon triploid cultivars of such hybrid origin

were founded the two Linnaean species Musa
sapientum and M. paradisiaca. (This statement

includes a modification of Cheesman’s views

on the subject, but the point is immaterial for

the present purpose.) The third species (fol-

lowing MacDaniels, 1947, rather than Chees-

man, 1949 ) is M. troglodytarum L., the fe'i

banana of the Pacific, perhaps more com-

monly referred to as M. fehi Bert, ex Vieillard.

It is a member of the section Australimusa and

is diploid with 2n = 2x = 20 chromosomes.

The wild progenitor of this complex cultigen

has not yet been identified, and, indeed, it

may well turn out that more than one wild

form was involved in its origin. The section

Australimusa is still very poorly known taxo-

nomically, and, until this deficiency is rem-

edied, we are not likely to understand the vari-

ability or origins of the fed banana, as it may
conveniently and noncommittally be called.

^ Banana Research Scheme, Imperial College of

Tropical Agriculture, Trinidad, British West Indies.

(Abbreviated in the text as I.C.T.A.) Manuscript re-

ceived August 11
, 1953.

Edibility, therefore, has had independent

origins in different sections of the genus

(Cheesman, 1947, 1948; Dodds, 1946).

The wild bananas are all native to tropical

Asia and Australasia, and the edible deriva-

tives must have had their origins somewhere

in that vast area. Malaya was almost certainly

the home of some edible Eumusas; the fe'i

banana presumably came from an area much
farther south and east, in the islands where

the wild Australimusas grow. Spread in cul-

tivation must have been entirely by suckers

after the process of evolution of partheno-

carpy had gone far enough to impose seed

sterility (Dodds and Simmonds, T948), and

it must have been by this means that Hawaii

received her cultivated bananas. Once seed

sterility has been established in a crop plant

(or rigorous vegetative propagation is prac-

tised), somatic mutation is the only source

of genotypic variability. Such mutation, or

sporting, is well known to occur in bananas

(e.g., see Baker and Simmonds, 1951; Sim-

monds, 1953 ) and has been a significant

source of variability among the old Hawaiian

varieties as Pope (1926), by classifying the

Hawaiian varieties in groups, implicitly rec-

ognised. Evidently the Hawaiian cherished

the mutants as he cherished mutant forms of

taro and cane.

In Hawaii, as elsewhere in the Old World

tropics, two banana cultures are superposed

one on the other: an indigenous pre-European

culture of bananas introduced, used, and

named by the Hawaiian people; and a later

culture of varieties introduced in recent times

by Europeans. The two groups may conve-

niently be called "Hawaiian” and "alien,”

respectively, and with the foregoing remarks

in mind we may proceed to an annotated list
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of the varieties that the writer was able to

examine in Hawaii. These remarks take the

form of footnotes to Pope's (1926) list, with

.emphasis on observations that, in the light

of recent researches, seem to be botanically

important.

HAWAIIAN VARIETIES

Popoulu. An acuminata-halbisiana hybrid

(hereinafter abbreviated to AB) type, prob-

ably triploid. Plant flushed with red and

bracts curled characters); flowers

pale pink, ovules four-rowed {balbisiana

characters). Fruits short and very fat, su-

perficially disguising the true relationship

of the variety.

Maiamaoli. Botanically much like Popoulu,

but plant pale in colour and fruits longer

and more slender although blunt at the

tip. Aeae (Koae) is a striped mutant; at

least five shades from near white to dark

green could be detected, and a probable

case of striped to normal mutation was

seen. It is probably chimerical. Kaualau
is perhaps a mutant with slightly persistent

bracts, Eleele one with purple-brown stain-

ing on sheaths and midribs. Only exten-

sive collection and experimental compari-

son could resolve the confusion of varieties,

mutants, and names in this complex.

Iholena. Probably an acuminata edible type.

The fruit has a very characteristic thick

skin and pinkish flesh. Little material was

seen, and no probable bud sports were

recorded.

Maiaoa ("Wild banana”). A strain of the

variable Musa acuminata^ diploid, fully

seeded, and quite inedible. Apparently re-

lated to the Malayan form of the species.

The history of and reason for introduction

of the plant to Hawaii is unknown. It has

long been in cultivation in the I.C.T.A.

banana collections. The plant was only

seen once (near Kona), and, since local

knowledge of its existence had apparently

been lost, the rediscovery was of some
interest.

ALIEN VARIETIES

Borabora. The fed banana. MacDaniels

(1947 )
discussed the hypothesis that the

fed banana was present in Hawaii in ab-

original times but concluded (as did Pope,

1926) that it was not brought to Hawaii

before the early nineteenth century and was

not one of the plants cultivated by the

early Hawaiians.

The writer saw little material and no use-

ful observations on variability could be

made. The chromosome number was con-

firmed as 2n = 20 on two plants taken near

Honolulu (counts by K. Shepherd). It is

never known to be seed-fertile in Hawaii

(St. John, personal communication), al-

though it does occasionally set seed else-

where in the Pacific (MacDaniels, 1947)

and is always at least slightly pollen-fertile

(MacDaniels, personal communication).

Presumably, the species is always diploid

(though sometimes perhaps chromosom-

ally abnormal, as is M. acuminata), and the

variable incidence of total seed sterility is

to be related to a variable incidence of

sterility modifiers of parthenocarpy.

Cavendish, or Chinese. A triploid form of

M. acuminata and one of the most im-

portant and widely cultivated banana varie-

ties in the world. It is one of a complex

series of bud sports referred to collectively

as the Cavendish group and treated ex-

haustively elsewhere (Simmonds, 1953). It

is an important export variety in some areas

and used to be of some significance in

Hawaii as such. It is highly susceptible to

leaf spot (Sigatoka) disease, which is, how-

ever, fortunately absent from the Territory.

Hamakua. A variety introduced from Hawaii

to the I.C.T.A. in 1939 under this name
proved to be identical with the Lacatan

of Jamaica, etc. This is another member
of the Cavendish group, related by muta-

tion to the preceding although utterly

different in general aspect. Numerous plants

were seen on the Kona coast of Hawaii,



228 PACIFIC SCIENCE, VoL VIII, April, 1954

but search in the same locality for another

mutant form, the Robusta of Jamaica

(Simmonds, 1953), was unsuccessful; this

latter variety is probably present in the

Territory, however, since it was once in-

troduced to the I.C.T.A. under the wrong

label, Manaiula, a name applied to a native

Hawaiian variety which it does not in the

least resemble. As Pope suggests that

Hamakua is the same as the West Indian

variety Congo, it may be worth noting

that Congo in the I.C.T.A. collections is

identical with Robusta, not with Lacatan.

Bluefields, Gros Michel. (Pisang Embon
of Malaya, etc., etc.) This is another edible

triploid Musa acuminata and the principal

export banana of commerce. It is much
favoured as a dessert banana in Hawaii,

but its cultivation is severely restricted by

the incidence of Panama disease to which

the variety is highly susceptible. It is also

very susceptible to leaf spot, and success-

ful cultivation in the Caribbean area de-

mands regular spraying.

Brazilian. An AB-type triploid; material in-

troduced to the I.C.T.A. in 1939 proved

to be identical with a variety called Pome
from the Canary Islands. The sometimes

misshapen male bud with a few persistent

bracts just above it is characteristic. The

fruit is subacid and of poor quality; it has

little to recommend it as a dessert banana

(to a West Indian trained taste, at least),

and its acceptance in Hawaii seems to be

a good example of the power of need and

habit in influencing the demands of a mar-

ket. It is resistant to Panama disease and

to leaf spot.

Lady’s Finger. As usual, this name is applied

indiscriminately to almost any banana with

small fruits. The writer recorded it for two

varieties in Hawaii, namely: the Sucrier

(of Trinidad, Honey of Jamaica, etc.), a

diploid acuminata with yellowish, nonwaxy
foliage and small thin-skinned fruits; and

another variety called Ney Poovan (from

Madras) in the I.C.T.A. collections, an

AB-type diploid. The former is resistant

to Panama disease but is very susceptible

to leaf spot; the latter is resistant to both

diseases. Pope’s remarks under the name
Lady Finger seem to apply to Ney
Poovan.

Apple. This is another unfortunate name,

as it is commonly applied to several AB-

type varieties having subacid fruits. In Ha-

waii it was applied to a variety thought to

be the Silk Fig (of Trinidad, Apple of

Jamaica, an AB-type triploid) but some-

times also to Brazilian, a distinct although

not dissimilar variety (see above). In

Trinidad, Silk Fig is susceptible to Panama

disease but resistant to leaf spot.

Ice Cream. Pope’s description suggested a

variety unrepresented in the I.C.T.A. col-

lections, and so it turned out. Plants were

seen at Honolulu and Kona, their scarcity

suggesting that this is not a particularly

favoured variety. Plant small and densely

stooling; peduncle glabrous; bud of hybrid

type; bracts curled, red within to base; male

flowers red; fruit angular, grey-waxy, flesh

soft and sticky; ovules 4-rowed. An AB-

type hybrid but perhaps nearer to M. hal-

bisiana than is usual among dessert bana-

nas and, therefore, of considerable interest.

Arrangements are in train to import it to

the I.C.T.A. for detailed study.

Red, and its green bud-sport Green Red.

As in the West Indies. The former is prob-

ably chimerical, having a red skin over a

green core; various fleckings and stripings

are common.
j

Miscellanea. Several varieties named by Pope

were not seen by the present writer but are
j

worthy of some comment. The Common '

Plantain is probably the same as the ;

Horse or Horn Plantain of the West

Indies; it differs from other members of
j

the plantain complex in having a quickly
|

degenerating male axis and comparatively

few large horn-shaped fruits. Pope’s de-
|

scription of Largo suggests the popular
,

West Indian cooking variety called Blug-
,[
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goe (Grenada), Moko (Trinidad), White-

house Plantain (Jamaica), etc. Colorado

Blanco is probably Green Red. Three

other varieties described by Pope cannot

certainly be identified at present; they are

Eslesno, Chamaluco, and Father Leo-

nore, and all three are probably AB hy-

brids. Father Leonore may be the same

as the LC.T.A. variety King. Pope’s de-

scription and photograph of Abaca un-

questionably apply to M. halbisiana Colla,

not to M. textilis Nee; this mistake has

often been made and probably results from

the fact that M. halbisiana is a common
rogue in Abaca fields in the Philippines

and has been widely distributed thence as

true Abaca. (Cheesman, 1949.)
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NOTES

Research in Ground-Water Hydrology in Hawaii

(Published with the approval of the Director as

Paper No. 24 in the Journal Series of the Experiment

Station, Hawaiian Sugar Planters’ Association, Hono-
lulu, Hawaii.)

Some 200 billion gallons of water a year are

drawn directly from ground-water sources for

the supply of plantations, factories, and homes
in Hawaii (Davis, 1952, U. S. Geol. Survey,

Water-Supply Paper 1161: 152). A similar amount
is drawn indirectly by way of surface streams

whose low flows, those of maximum value, are

derived from natural springs. It is not surprising,

in view of the magnitude of this draft and its

vital importance to the economy of Hawaii,

that a considerable amount of study has been

devoted to the ground-water geology and hy-

drology of the Hawaiian Islands.

It is obviously true that the study of geology

is necessary to the understanding of the hydro-

logy. Lithology and structure are only geologic

terms describing the same features as aquifers

and aquicludes and their geometry. It is also

true, though perhaps not so obvious, that the

hydrology can be treated like other geophysical

and engineering techniques of exploration to

assist in the development of geologic under-

standing.

Hawaii is fortunate, first, in having complete

coverage by U. S. Geological Survey topo-

graphic maps on a scale of 1/62,500 with con-

tour intervals of 50 or 100 feet, based on field

mapping on scales of 1/31,680 or 1/20,000 with

contour intervals of 10 or 20 feet. In some areas,

the older mapping, dating from 1910, is proving

inadequate, and a current program of remapping
in greater detail by aerial photographic methods
is under way;

Hawaii is fortunate, second, in having the

results of a survey of the geology of each of

its islands, largely the result of the work of H.
T. Stearns of the U. S. Geological Survey and
Hawaii Division of Hydrography (Stearns, Vak-
svik, Macdonald, Davis, and Cox, 1935-47,

Hawaii Div. Hydrog. Bui. 1, 2, 5, 6, 7, 9, H,
12, Bui. 13 in prep.). In some areas of the

Islands where the structure is relatively simple

and the hydrologic problems not severe this

work may be regarded as sufficient for the un-

derstanding of the hydrology. In other areas,

the stringency of the hydrologic problems re-

quires still more detailed work of the kind done
by C. K. Wentworth for the Honolulu Board
of Water Supply (Wentworth, 1951, Geology
and Ground-Water Resources of the Honolulu-
Pearl Harbor Area).

The results of such detailed investigations

are generally available through the Experiment
Station of the Hawaiian Sugar Planters’ Asso-

ciation, the Honolulu Board of Water Supply,

the outer island waterworks boards, etc. In areas

of complex geology, much of the extra detail

may still be provided by the standard methods
of field geology, although the utility of these

methods will depend on the state of progress

of the current program of topographic revision.

More of the extra detail must come from geo-

physical and engineering exploration.

The principal structural elements of a typical

Hawaiian island are shown in Figure 1. The
largest element is a shield or dome composed
predominantly of lava flows, initially of basalt

but grading in the later flows to andesite, and

having as a result a thinner-bedded, more por-

ous, and more permeable interior than exterior.

These flows were erupted from fissures in linear

or tripartite rift zones, fissures that were left

filled with lava, forming dikes. Interbedded with

the flows are a few ash beds. At the center of

the dome, there may be a caldera that is either

partially or completely filled with flows thicker

and more compact than those on the flanks by

reason of their ponding. The various islands are

composed of one to five volcanic domes apiece.

These domes exist in various stages of erosional

destruction, from Mauna Loa and Kilauea, still

active and uneroded, to Kauai, much eroded

and with much added complexity. After major

erosion, there may have been a late series of

eruptions which formed new vents and flows,

the latter being thicker and more compact than

the flows of the dome because of the restriction
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of their movement in the eroded topography.
With the progress of erosion there is simultane-

ous sedimentation, with the deposition of both
terrestrial and marine sediments along the shores

of the island and in valleys submerged by chang-
ing relative sea levels.

The precipitation which falls on these vol-

canic domes is divided into the usual three parts,

evapo-transpiration, runoff, and infiltration. Be-
cause of the high average permeability of the

lava flows making up the bulk of the domes, the

ratio of infiltration to rainfall is relatively high.

The water descending through the rocks may
accumulate in three principal types of ground-
water bodies: (l) bodies perched on ash beds or

soils interbedded with the flows, on conglom-
erates, on unconformities, or on other rocks of
low dip less permeable than the average lava flows

;

(2) bodies impounded between the dikes that

have intruded the lava flows; and (3) bodies

floating on salt water. The occurrence of these

bodies is diagrammed in Figure 2.

The perched and dike springs representing

the natural discharge from the first two types

of ground-water bodies are of great importance
in providing the largest part of the low water
flow of most Hawaiian streams which, without
them, would be almost without value as sources

of water supply. Partly through wildcat experi-

ment and partly through knowledge of the
causes of retention at high levels, the natural

surface discharge from many of these perched
and dike-retained bodies has been artificially

increased, steadied, or diverted to economic
advantage.

The qualitative relationship between the
perched ground water and the ash, soil, and
conglomerate beds upon which it is held was
first clearly understood in 1920 through the
work of W. O. Clark (Stearns and Clark, 1930,
U. S. Geol. Survey, Water-Supply Paper 516)
who spent many years thereafter planning and
guiding development of high-level water of this

sort for the sugar plantations and other agencies
of the Islands. Further development is still in

progress and still requires detailed geologic and
hydrologic advice. An attempt to generalize
quantitatively on the results expectable from
this type of development would be useful in

engineering future developments but would be
difficult because of the high variability of the
perching members in their area, thickness, con-
tinuity, permeability, and slope, and because
no adequate theory exists covering nonsteady
flow conditions in this kind of body. The de-
velopment of such theory would seem to be

easier in continental areas where experimental

work could be done in perched bodies with less

variability.

The understanding of the relation between
dikes and the high-level water impounded be-

tween them seems to have developed gradually

as a result of the construction of a number of
tunnels, penetrating saturated compartments be-

tween dikes, notably the Waiahole tunnel that

was driven through the Koolau Range of Oahu
to transport stream water from the windward to

the leeward side. The gross effects of these tun-

nels in draining off water stored between the

dikes were early noted, but the length of time

necessary to the restoration of equilibrium con-

ditions was not recognized for many years. With
it has come a realization that many dike-devel-

opment tunnels do not have a permanent flow

appreciably greater than that available from the

springs representing the original drainage of the

dike compartments. A considerable volume of
records of the yield of dike tunnels, some of it

coupled with the records of nearby spring flow

and of pressures encountered behind dikes in

tunneling, awaits analysis and correlation with

rainfall records and studies of dike distribution.

The results will be of great local value in the

study of future tunnel results and also in the

study of bulkheading to restore the storage

capacities behind selected dikes, a practice that

has been carried on to some extent in recent

years but which has not been thoroughly

analyzed.

The largest draft of ground water comes from
basal bodies, generally floating on salt water,

fed by direct recharge from the surface or by
underground leakage from perched-water bodies

or bodies impounded by dikes. Where the per-

vious lava flows containing this basal water

extend to the coast without cover, the head of

fresh water above sea level is small, increasing

at the approximate rate of a foot per mile from
the coast. Where, however, the seepage of fresh

water to the ocean is restricted by a "cap” of

less pervious sediments, as on much of Oahu,
the head under and immediately behind the cap

may be several tens of feet, higher in fact than

the surface of the sediments in the belt close to

the shore, thus creating artesian conditions. No
lower limits to the zone of permeable lava flows

are known or suspected within a range of several

thousand feet below sea level for most of the

basal aquifers.

The possibility of contamination of this basal

fresh water by salt water was early recognized

through experience and ascribed to the prox-
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imity of the ocean. Before 1910, the floating

relationship with underlying salt water was pos-

tulated (Stearns, 1935, Hawaii Div. Hydrog.

Bui. 1: 256), but it was not until the late 1920’s

that the applicability of the Ghyben-Herzberg

principle and its consequences were fully ac-
'

cepted (McCombs, 1927, U. S. Geol. Survey,

Water-Supply Paper 596A; Palmer, 1927, Hono-
lulu Board Water Supply, Sup. 1st Bien. Rpt.).

According to this principle, the head of fresh

water above sea level should be balanced by a

depth of fresh water below sea level about 40

times as great, the exact ratio being dependent

on the densities of the fresh and salt water.

This relationship is correct only in static con-

ditions, as has been demonstrated theoretically

by Hubbert (1940, Jour. Geol. 28: 924-926),

and requires modification in the near-shore area

under dynamic conditions. Furthermore, it as-

sumes steady-state conditions that do not per-

tain. As shown by Wentworth (1942, Amer.
Geophys. Union, Trans. 23: 683-693), changes

in the depth of the salt-fresh contact zone must
lag greatly behind the changes in the water-table

elevation that initiate them. As yet there is no
theory expressing the lag in terms of the per-

meability and geometry of the aquifer and the

nature of the fluctuation in head. The uncer-

tainty is critical in attempts to estimate storage

volumes and their changes.

Good records of many years or even decades

of head variation exist for many aquifers, but

the only indications of salt-fresh contact fluc-

tuations lie in the voluminous records of salinity

at wells, generally analyzed at random times

without regard to the variation in pumping
conditions. Though attempts have been made
for several years now to collect salinity records

under standardized conditions, there is still a

further difficulty, pointed out by Wentworth

(1947 ,
Pacific Sci. 1(3): 172-184), that the avail-

able sampling points are ail in the upper part of
the zone of mixture, which is capable of varying

in thickness as well as position.

At this point it would seem best to approach
the whole problem from three directions si-

multaneously: ( 1 ) development of an adequate
mathematical theory of Ghyben-Herzberg func-

tioning under nonsteady dynamic conditions

for simple cases; (2) checking and extension of

the theory by models, very likely electrical ana-

logues; and ( 3 ) further experimental checking
from test holes penetrating the zone of mixture

in the simplest Ghyben-Herzberg bodies avail-

able, for example, that on the isthmus of Maui,
where there is practically no cap of sediments

on the coast. The analysis of the experimental

results in terms of the theory will depend on the

measurement of permeability not only at the

surface but also very deep in the aquifer. For-

tunately, a method seems now to be available

from the analysis of the progression of tide

waves, induced by ocean tides, across the ground-
water body (Cox and Munk, 1953, Amer. Geo-
phys. Union, Trans. 34: 345).

The development of an adequate dynamic
Ghyben-Herzberg theory will be of very great

importance to an evaluation of basal ground-
water resources in Hawaii. It will also be of

importance in many other coastal areas where
Ghyben-Herzberg conditions pertain and in

some of which the problems of salt intrusion

are critical, but where the development of theory

is rendered difficult by the complexity of struc-

ture.

—

Doak C. Cox, Experiment Station, Hawaiian
Sugar Planters' Association, Honolulu, Haivaii.



On the Distribution of the Big-Eyed Tuna, Parathunnus sihi, in the

Tropical Eastern Pacific Ocean

The big-eyed tuna, Parathunnus sibi (Tem-

minck and Schlegel) {= Parathunnus mebachi

(Kishinouye)), is one of several species of

tunas which inhabit the Pacific Ocean. Like

the oceanic skipjack {Katsuwonus pelamis) and

the yellowfin tuna {Neolhunnus macropterus), the

big-eyed tuna is generally considered to be a

tropical form, but it may also be found in sub-

tropical waters as far north as 36° north latitude

(Kishinouye, Tokyo Imp. Univ., Col. Agr., Jour.

8(3): 293-475, 1923). What little is now known
of the habits of these fish indicate that the

larger, older big-eyed tuna habitually live at

depths well below the surface. Nonetheless, by

the use of specialized fishing gear designed to

reach these deep levels, sizable commercial fish-

eries for the big-eyed tuna have been developed

in equatorial regions of the western and central

Pacific Ocean. In contrast, Parathunnus is not

as important or as well known in the eastern

Pacific where fishing for tunas is confined en-

tirely to surface methods.

Our general unfamiliarity with the big-eyed

tuna is reflected in the paucity of information

available on its occurrence and distribution in

waters off the west coast of North America.

Although the species was first reported from

the eastern Pacific Ocean over 30 years ago, in

1920, by Kishinouye {pp. cit.), the only definite

record that I have been able to find which

establishes distributional limits for Parathunnus

in this region is that of Godsil and Byers (Calif.

Div. Fish and Game, Fish BuL 60: 1-131, 1944).

In their exhaustive study of the Pacific tunas,

these investigators had available two specimens

of big-eyed tuna caught at two widely separated

localities, one from Guadalupe Island off the

coast of Lower California and the other from

the Galapagos Islands off the coast of Ecuador.

Parathunnus sibi was earlier included in a check

list of Southern California fishes (Ulrey and

Greeley, South. Calif. Acad. Sci., Bui. 27(1): 35,

1928) but this record was based solely on Kishi-

nouye’s account, which failed to mention the

origin of the big-eyed tuna observed. It is most
likely that the latter fish were brought in to

San Pedro, California, by tuna vessels operating

south of the United States-Mexico border.

Roedel (Calif. Fish and Game 39(2): 251-262,

1953) lends weight to this assumption by stating

that Parathunnus sibi has yet to be taken in

California waters. To the south, American tuna
fishermen have reported infrequent catches of
fish identified by them as big-eyed tuna from
as far below the equator as northern Peru.

That distributional records are not more com-
plete is probably because the big-eyed tuna is

often mistaken for the yellowfin tuna which it

strongly resembles. In general, the big-eyed tuna
has a somewhat larger head and eye, a deeper
and more rotund body, and coarser scales than a

yellowfin tuna of the same size, but as these

characters are all relative there is no known way
of identifying with certainty a big-eyed tuna by
its external features. The length of the pectoral

fin has been suggested as a character diagnostic

of the big-eyed tuna (Godsil and Byers, op. cit.;

Roedel, Calif. Div. Fish and Game, Fish Bui.

68: 1-153, 1948), the pectoral fin being more
elongate than that of the yellowfin. Brock (Pa-

cific Sci. 3(3): 271-277, 1949), however, has

pointed out that this means of differentiating

between the two species is not infallible because

the length of the pectoral fin may vary with

body length. The only positive way of identify-

ing big-eyed tuna thus appears to be the use of
certain internal features. Two of the distinctive

anatomical characters for Parathunnus are the

almost unexposed position of the spleen (well

exposed in Neothunnus) in ventral view and the

presence of marginal striations (absent in Neo-

thunnus) on the ventral surface of the liver (God-
sil and Byers, op. cit.).

In view of our superficial knowledge of the

big-eyed tuna, it appears desirable to present

some of the results of a recent expedition spon-

sored jointly by the Inter-American Tropical

Tuna Commission, the California Department
of Fish and Game, and the Scripps Institution

of Oceanography. From January 31, 1953, to

March 4, 1953, 26 fishing stations traversing the

general area of the present eastern Pacific com-
mercial tuna fishery, from 13°20' north latitude

to 4°28' south latitude and from 99°10' west

longitude to 84°38' west longitude, were occu-

pied by the California State fisheries research

vessel, ”N. B. Scofield.” At each station, up-

ward of 50 baskets of longline gear, similar to
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those used elsewhere in the Pacific, were fished

to depths of approximately 150 feet. Large big-

eyed tuna were captured at 10 localities (Table

l) of which 8 were in outlying oceanic waters

not usually frequented by American tuna vessels.

Fishing was best just north of the equator. Big-

eyed tuna were caught as far south as 4°28'

south latitude, which is about 200 nautical miles

south of the Galapagos Islands, the southern-

most limit from which big-eyed tuna have pre-

viously been recorded.

TABLE 1

Records of the Big-Eyed Tuna, Farathunnus sihi,

FROM the Tropical Eastern Pacific Ocean,
February to March, 1953

DATE position number of fish

Feb. 3... 7°02'N-96°39'W 1

Feb. 4. . . 5°12'N-95°36'W 1

Feb. 5. . . 3°06'N-95°00'W 4

Feb. 6. . . 1°30'N-94°25'W 3

Feb. 8. . . 0°36'S -93°44'W 1

Feb. 9. . . 2°36'S -93°05'W 2

Feb. 10. . .

• 4°28'S -92°16'W 1

Feb. 13. . . 0°15'N-91°20'W 1

Mar. 1 . . . 2°40'N-85°33'W 1

Mar. 4. . . 3°16'S -84°38'W 1

The big-eyed tuna caught by the longlines

ranged in length from 991 to 1,814 millimeters

and in weight from about 60 to 275 pounds.

Most individuals were more than 1,400 milli-

meters long and weighed over 150 pounds.

These fish approximated in size big-eyed tuna
which appear in commercial longline catches

of the Japanese and Hawaiian fisheries, but they

were considerably larger, on the average, than

those which are occasionally reported by Pacific

Coast fishermen although, according to them,
large big-eyed tuna are sometimes taken at the

surface near the Galapagos Islands.

All the large fish examined internally, both
males and females, were in advanced ripening

or ripe condition according to criteria estab-

lished by Mart (U. S. Fish and Wildlife Serv.,

Fish. Bui. 51(44): 201-206, 1948). One male
big-eyed tuna, 1,536 millimeters in total length,

caught on March 4, 1953, at 3°16' south lati-

tude, 84°38' west longitude, had just spawned
or was in the last stages of spawning. The testes

of this fish were much reduced in size compared
to those of maturing individuals, and ripe milt

was present in the central duct and in the uro-

genital sinus. It thus seems evident that the

big-eyed tuna spawn in or near this region in

the late winter or early spring months.

These findings further elucidate the distribu-

tion and relative abundance of big-eyed tuna in

the tropical eastern Pacific Ocean. Moreover,
they demonstrate the existence in this region

of a deep-living parent stock of large big-eyed

tuna which is not fished by fishing methods
now used, a phenomenon heretofore suspected

but unproved. The relationship between this

population and those found further to the west-

ward remains to be determined.— B^// M. Shi-

mada, Inter-American Tropical Tuna Commission,

Scripps Institution of Oceanography, La Jolla,

California.

News Notes

The color plate facing page 208 of this issue
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loped by the Eastman Kodak Company and
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ter, New York. Because of simplified techniques

reflected in lower costs, the process gives prom-
ise of making color illustration available to

scientific workers on a much broader scale than

was heretofore possible.

Gressitt, J. L. The Coconut Rhinoceros Beetle

(Oryctes rhinoceros) with Particular Reference

to the Palau Islands, viii+157 pp., 50 figs.

Bulletin 212, Bernice P. Bishop Museum,
Honolulu. 1953.

Spoehr, Alexander. Saipan: The Ethnology

of a War-Devastated Island. 383 pp., 32 figs.

Fieldiana: Anthropology. Vol. 41. Chicago
Natural History Museum, Chicago. $5.00.
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Australian Species of Poecilocryptus Cameron

( Ichneumonidae : Hymenoptera )
i

Arthur W. Parrott

Cameron established a new genus for a

species of Australian Ichneumonidae, Poed-

locryptus nigromaculata, in 1901. He gave a

good description of the type and a clear gen-

eric diagnosis. The locality, however, is given

vaguely as "Australia.” Turner and Waterston

(1920) described another species, from Tas-

mania, under the name P. nigripectus, and also

recorded and figured Cameron’s species from

Tasmania.

Morley, in 1914, proposed a new name for

Cameron’s genus, because Kriechbaumer in

the same year used Poecilocryptus for an entirely

different insect from South America. Cush-

man (1936) has shown that Motley’s action

was not correct as Cameron’s name was pub-

lished in June, whereas Kriechbaumer’s name

was published later in the same year. Cush-

man further points out (1936: 465) that, in

proposing Poecilopimpla for the supposedly

preoccupied Poecilocryptus Cameron, Morley

overlooked the fact that Cameron (1903: 140)

had already used that name. Cushman has

further pointed out that it is not necessary

to rename Poecilocryptus Kriechbaumer, as the

same genus was redescribed by Viereck under

the name Photocryptus

.

The systematic position of Poecilocryptus is

not clear: it shows definite affinities to the

pimplinids but also is somewhat allied to the

^ Manuscript received February 25, 1953.

cryptinids. Morley (1914: 35), who examined

the type, states, "If not truly pimplid, at least

very far removed from any known form of

cryptid.” Cameron (1901: 527) connected it

with Phygadeuonini, though he remarks, "It

has no relationship with any other genus.”

Turner and Waterston (1920: 24) state, "Cam-
eron was probably correct in connecting the

genus with the Phygadeuonini.” Cushman

(1936: 465) considered this genus to belong

to the Cryptinae.

Genus Poecilocryptus Cameron

Poecilocryptus Cameron, Ann. and Mag. Nat.

Hist. 7(7): 527, 1901. (Nec Kriechbaumer,

1901.)

Poecilopimpla Morley, Rev. Ichneum. Brit.

Mus., Pt. 3: 35, 1914. (Nec Cameron, 1903.)

Poecilocryptus Turner and Waterston, Zool.

Soc. London, Proc. 1920: 24, figs. 8a, lib.

Poecilocryptus Cushman, Wash. Acad. Sci.,

Jour. 26(11): 465, 1936.

Type species: P. nigromaculatus Cameron.

Morley (1914: 37) described P. inflexa from

"Eastern Australia” which, judging from his

description, is not correctly placed in this

genus. Until the type is examined, the true

position of P. inflexa will remain doubtful.

Morley himself remarks that it probably mer-

its generic rank, because of its vertically much
narrower head, basally not discrete and api-

cally truncate clypeus, prominent mandibles.
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small and subpunctiform notauli, large and

elongate metathoracic spiracles, the prom-

inent petiolar spiracles, more deplanate ab-

domen, very large but slightly curved tarsal

claws, straight discocubital nervure, centrally

strongly incurved second recurrent and gen-

icular nervellus, which emits a very strongly

sinuate nervure to apex of the wing. I will

not include P, inflexa Motley in Poecilocryptus

Cameron.

Motley (1914: 36) describes some small

specimens reared by Froggatt in 1892 from

the swollen stems of Acacia leaves at Sydney,

a male from Agrizon galls. Rose Bay, and a

third specimen taken by French at Melbourne

in 1900.

These specimens Motley considered a va-

riety of P. nigromaculata, as he states: ’T can-

not regard as distinct a much smaller, clear

stramineous form with the black markings

very much sparser, the sides of the abdomen

alone spotted and the legs immaculate: these

modifications lend the insects a very different

aspect, and the length is but 6-7 mm.; but

the structure is in every way identical, and I

will simply term it Var. stramineaP

I have examined a series of a dozen spec-

imens of this small form which Morley con-

sidered a variety of P. nigromaculata Cameron,

and consider it to be without doubt a distinct

species.

Although Morley stated that in structure

it is in every way identical with P. nigromacii-

lata, the specimens I have examined may be

separated structurally from Cameron’s species

thus:

P. nigromaculata Cameron

Postocellar space wider

than the ocellocular space

Antennae longer than

fore-wing, with less than

30 joints in flagellum

Ovipositor not as long as

the abdomen

Length 9-10 mm.

P. straminea Morley

Postocellar space equal

to ocellocular space

Antennae shorter than

fore-wing, with more than

30 joints in flagellum

Ovipositor always longer

than the abdomen, some-

times nearly IV2 times as

long

Length 5-7 mm.

On the above differences in structural char-

acters, together with the constant differences

in the distribution of the black markings on
the abdomen. Motley’s variety straminea is

given specific rank.

KEY TO SPECIES ofpoecHocryptus

1. Radial side of areolet about twice as long

as upper inner side of areolet and as long

as or longer than lower outer side 2

Radial side of areolet equal to upper inner

side and shorter than lower outer side of

areolet. A crest or tooth at apex of denti-

paral area. Spiracles of petiole before mid-

dle P. nigripectus

2. Antennae with over 30 joints in flagellum,

shorter than length of fore-wing. Second,

third, fourth, and fifth tergites of abdomen
with lateral spots, more or less discrete.

Ovipositor as long as or longer than ab-

domen P. straminea

Antennae with less than 30 joints in flag-

ellum, and longer than length of fore-

wing. Second, third, and fourth tergites of

abdomen with wide basal transverse bauds

of black, sometimes strongly incised me-

dially, but usually not separated into dis-

crete dorsolateral spots. Fifth tergite has

a broad transverse band not incised me-

dially. Ovipositor not as long as abdomen

P. nigromaculatus

Poecilocryptus nigromaculatus Cameron

Poecilocryptus nigromaculatus Cameron, Ann.

and Mag. Nat. Hist. 7(7): 528 9, 1901.

Poecilopimpla nigromaculata (Cameron) Mor-

ley, Rev. Ichneum. Brit. Mus., Pt. 3: 36,

1914.

Poecilocryptus nigromaculatus Cameron, Turner

and Waterston, ZooL Soc. London, Proc.

1920 : 26
,
1920 .

Poecilocryptus nigromaculatus Cameron, Cush-

man, Wash. Acad. Sci., Jour. 26(11): 465,

1936.
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Cameron (1901: 528) vaguely records this

species from "Australia.” He later (1911: 335)

states that Froggatt bred this species from

reddish {Eucalyptus) berry-shaped galls in Sep-

tember near Inverall, New South Wales. Mot-

ley records it from Melbourne, Victoria, dur-

ing August and September. Turner and

Waterston (1920: 26) record it from Mt.

Wellington, and Eaglehawk Neck, Tasmania,

in January and March.

Material Studied

2 Warrendyte, Victoria, October, 1925.

Coll. G. F. Hill. (D.S.I.R.O. Collections.)

2 Warrendyte, N. D. Coll. G. F. Hill.

(D.S.I.R.O. Collections.)

4 Warrendyte, Victoria, collected July,

1925, "emerged August 1928.” Coll. G.

F. Hill.

Poecilocryptus straminea Motley

Poecilopimpla nigromaculata var. straminea Mot-

ley, Rev. Ichneum. Brit. Mus., Pt. 3: 37,

1914.

This species may be briefly characterized as

follows

:

As P. nigromaculatus Cameron but smaller

(5-7 mm.), with the posterior ocelli about

their diameter apart, the same distance sep-

arating them from the dorsal margin of eyes

on either side; antennae subequal to length

of fore-wing, and with under 30 joints in

flagellum; ovipositor as long or longer than

the abdomen; second, third, fourth, and fifth

abdominal tergites having dorsolateral spots

generally well separated medially; apex of

posterior tibiae not infuscated. Morley, who
first recognized this species as a variety of

P. nigromaculatus, only noted the reduction of

the black markings of the abdomen and the

smaller size.

Morley (1914: 37) recorded this species

from swollen stems of Acacia leaves at Sydney.

In 1892 Froggatt bred the typical female and

a male labeled "Agrizom. galls. Rose Bay.”

Fig. 1. Fore- and hind-wing of Poecilocryptus stram-

inea Morley

A third specimen was captured by French at

Melbourne during August, 1900.

Material Studied

IcT (Holotype) Sydney. Coll. W. W.
Froggatt. (D.S.I.R.O. Collection.)

Icf (Paratype) Ourimbah, N.S.W., on

Acacia galls, Dec., 1925. Coll. W.
W. Froggatt. (D.S.I.R.O. Collec-

tion.)

Id' (Paratype) No. 2055, leaf-stem gall.

(D.S.I.R.O. Collection.)

1 9 IcP (Holotype: allotype) Box Hill, Vic-

toria. "Bred from Galls with Gall-

flies.” No. 16747 (identified by L.

F. Graham as P. nigromaculatus Cam-

eron) . On the same card are a species

of Chalcidoidea. (D.S.I.R.O. Col-

lection.)

2 9 1cP "Blukistan”; gall on E. obliques,

May-June, 1888, Smeatin. (S.A.M.

Collection.) [The writing on these

labels is very indistinct, but the lo-

cality, I think, is "Blukistan.”]

2 9 Botanical Gardens (No. 2080), Dec.,

1930. Coll. W. W. Froggatt. (D.S.I.

R.O. Collection.)

19 16^ "Main.” Coll. W. W. Froggatt.

The material on which this paper is based

was kindly lent by Dr. A. J. Nicholson, Chief,
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Division of Entomology, D.S.I.R.O., Can-

berra, and Mr. Herbert M. Hale, Director of

the South Australian Museum, Adelaide, to

whom I extend my very sincere thanks for

the loan of this interesting material.
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Records of Indo-Pacific Echinoderms

Austin H. Clark^

The echinoderms recorded herein were for

the most part collected in connection with

the studies of the Pacific Science Board, Na-

tional Research Council. They represent in-

cidental activities of 15 members of survey

parties, all of whom were intensively engaged

in other work. It has seemed advisable to sup-

plement these records with those of other

specimens from the Indo-Pacific region not

previously recorded which were received from

15 donors, most of whom were members of

the armed forces, chiefly during and after the

war. The specimens from New Caledonia were

presented to the National Museum by the

late Lieutenant General Alexander McCarrell

Patch, Jr., through the National Geographic

Society.

All the specimens listed are in the United

States National Museum. A large collection

of echinoderms from the Marshall Islands,

including 2,674 specimens resulting from the

Navy’s Operation Crossroads and the Bikini

Scientific Resurvey, has previously been de-

scribed (Clark, 1952). This paper should be

consulted in connection with the present

contribution.

All the sea urchins collected by Dr. F. S.

MacNeil are dead tests.

Our knowledge of the details of the dis-

tribution of the littoral echinoderms of the

^ Curator, Division of Echinoderms, United States

National Museum, Washington, D.C. Manuscript re-

ceived August 12, 1953.

Indo-Pacific is very limited, especially in re-

gard to the central Pacific area. Extensive

work has been done only in Australia, the

Netherlands East Indies, the Malayan region,

the Philippines, and the Hawaiian Islands,

and even here the records, though very nu-

merous, are very spotty.

About the large, high, forested islands

where the available nutrients in the sea are

enriched by a constant accession of vegetable

waste from the land, the fauna, both littoral

and abyssal, is exceedingly rich and varied,

with many large species and unusually large

individuals of other species. A curious side

light on the importance of vegetable detritus

is afforded by the flexible-shelled sea urchins

of the genus Araeosoma which occur at depths

of from 70 to 1,289 meters and are known to

feed on the leaves of dicotyledonous plants.

Even a fossil Araeosoma from California was

surrounded by leaf impressions. In the Pacific

area Araeosoma occurs among the Malayan

Islands and the Philippines, off Tonga and

Fiji, off southernJapan, and off the Galapagos

Islands and Panama, but not in the central

Pacific or on the American coast except at

Panama. The species of Araeosoma are large,

one of them up to 180 millimeters in diameter.

Although certain faunal subregions may be

distinguished in the region of the larger and

higher islands from Ceylon eastward, these

are not very distinctive, the tropical Austra-

lian, including the Aru Islands and the south

243
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coast ofNew Guinea, being the most notable.

Northward and eastward among the low is-

lands, as conditions become less and less

favorable for littoral echinoderms, the fauna

becomes progressively poorer, and segrega-

tion into definite faunal regions appears to

become more marked.

The majority of the Indo-Pacific species are

small or at most of medium size and are

present everywhere, though many become

fewer in individuals among the atolls. In some

cases the individuals here are noticeably

smaller. The large species in many cases dis-

appear or become segregated and confined

to special areas in which they may become

differentiated into recognizable subspecies or

even distinct species.

The very large and heavy sea stars of the

family Oreasteridae are especially character-

istic of tropical coasts, but, except for the

genus Culcita, the cushion stars, the most

specialized of the family, ranging from east

Africa eastward, they are absent from the

central Pacific area. The largest genus, Penta-

ceraster, with 14 species, is found from the

Red Sea and eastern Africa to Australia, New
Guinea, New Britain, New Caledonia, and

Samoa, and also on the coast of China, in the

Philippines, among the Ryukyu Islands, in

southern Japan, in the Hawaiian Islands, and

on the west coast of Central America. The

species found in the Hawaiian Islands and on

the American west coast are very similar. The

genus Protoreaster, with four species, ranges

from eastern Africa to western Australia, New
Guinea, the Bismarck Archipelago, New Cale-

donia, the Mariana Islands, the Palau Islands,

Yap, the Ryukyu Islands, and southernJapan.

If species of these two or related genera

occurred among the atolls, they could scarcely

be overlooked and certainly would be known
to the natives.

Among the sea urchins the genus Astropyga

is characteristic of tropical regions in from 5

to 88 meters. The species are large, up to 180

millimeters in diameter. They range from

eastern Africa to Australia, New Britain, and

the Hawaiian Islands. One species occurs from

the Gulf of California to Panama, and another

is known from off the Dry Tortugas, Florida.

No species is known from the central Pacific,

though one may occur there, as there is an

old specimen in the Copenhagen Museum
said to be from Nukahiva in the Marquesas;,

but Dr. Mortensen regards the locality as

doubtful. Too much faith cannot be. placed

on the absence of records of this genus, as

the species seem to be easily overlooked. The

Caribbean species was not described until

1934 and is still known only from the four

original specimens.

Among the brittle stars, the very large and

conspicuous basket stars of the family Gor-

gonocephalidae, otherwise cosmopolitan, have

not been reported from the small islands, nor

have any of the species of Trichasteridae, with

many-branched arms. However, the species

of these two families occur in water of from

a few fathoms downward, not along the

shores, so, although they are frequently

brought up on fishermen’s lines, the ab-

sence of records is not necessarily significant.

Among the more conspicuous and char-

acteristic of Indo-Pacific sea urchins are the

limpet, pavement,” or helmet urchins of the

genus Colobocentrotus

.

These are of fairly large

size and live in the surf zone, usually in large

colonies, so that they are not easily over-

looked. One species, C. atratus, occurs at

Zanzibar, Natal, Madagascar, Mauritius, the

Seychelles, Christmas Island, Java, Timor, and

Amboina, and also in the Hawaiian Islands,

though not between the Moluccas and Ha-

waii. A related species, C. pedifer, is confined

to the Tuamotus. A third species, C. mertensi,

is found in the Bonin and Mariana Islands.

A related genus with normal instead of modi-

fied spines, Zenocentrotm, occurs in Tonga and

Samoa. The latter, first described in 1931,

may have a more extended distribution as it

is easily confused with sea urchins of other

families.

Among the largest, most conspicuous, and

most characteristic of the Indo-Pacific sea
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urchins are the two species of slate-pencil or

cigar urchins of the genus Heterocentrotus. One
of these, H. mammillatus

,

occurs from the Red

Sea and Tanganyika, Madagascar, Mauritius,

and Rodriguez to the Cocos-Keeling Islands,

northwestern Australia, New Guinea, Torres

Strait, the Philippines, New Caledonia, and

Fiji, and also in the Mariana, Bonin, Ryukyu,

and Hawaiian Islands. It appears to be absent

from the central Polynesian region except for

Johnston Island and the Tuamotus, where it

was recently found by Dr. Morrison.

The other more specialized species, H. tri-

gonarius, occurs at Zanzibar, Natal, Madagas-

car, Mauritius, Rodriguez, Java, the Philip-

pines, Tonga, Samoa, and throughout
Polynesia.

Both species occur at Madagascar, Mauri-

tius, Rodriguez, the Philippines, the Tuamo-
tus, and Johnston Island.

As both species have apparently the same

habits, living normally in holes and crevices

in the reefs and sometimes together in the

same group, the reason for the difference in

distribution in the extreme western and in the

eastern part of their ranges is obscure. It may,

of course, be due in part to insufficient knowl-

edge of their distribution among the atolls;

H. mammillatus may be more generally dis-

tributed here than the records available at

present indicate.

It appears somewhat paradoxical that, al-

though large species and large individuals for

the most part do not extend into the groups

of small Polynesian islands, a few species

reach their maximum size in this area, on the

northeastern periphery of their range. The
largest specimen of Heterocentrotus trigonarlus

I have seen is from Johnston Island and

measures 123 by 100 millimeters with a height

of 68 millimeters and with the longest spines

150 millimeters. In another specimen, pos-

sibly larger, the longest spines are 165 milli-

meters long. Some from Bikini are almost as

large (Clark, 1949: 71). The largest known
specimens of Brissus latecarinatus are those

from the Marshall Islands recorded in the

following pages.

In the Atlantic, Echinometra lucunter reaches

its maximum size on the northern and south-

ern limits of its range in Bermuda and Brazil

(Clark, 1933: 83), and Brissus brissus in the

Mediterranean reaches nearly twice the size

that it does in the Caribbean {ibid., p. 91).

The largest known specimen of Linckia guild-

ingii, with a radius of 215 millimeters, is from

Bermuda.

From the zoogeographical and historical

points of view, the most interesting and sig-

nificant echinoderms are not to be found in

the warm and brilliantly illuminated tropical

littoral, but in the dimly illuminated and

cooler zones from 5 or 6 fathoms downward
to the depth, which differs in different areas,

where a localized fauna, if present, begins to

merge into the increasingly widespread abys-

sal fauna. That such an intermediate fauna

may be of much significance is indicated by

the genus Psychocidaris, the only representative

of the family Psychocidaridae, related to the

Cretaceous Tylocidaris, known only from the

Bonin Islands in about 100 fathoms.

COLLECTION DATA
Onotoa Atoll, Gilbert Islands

The localities in the Onotoa Atoll, Gilbert

Islands, are listed by numbers. The data for

each numbered locality are as follows.

G.O.C.-24. Toward the southern end of a

lee reef stretch known as Rakai Ati, in an

area of small coral patches fairly thickly in-

terspersed on lime sand and coral debris; the

bottom is at depths of 3-4 feet at low tide.

Preston E. Cloud, Jr., and D. W. Strasburg,

July 26, 1951.

G.O.C.-25. About 4.25 miles S.86°W. from

Aiki Maneaba on the lagoon side of the broad

reef passage north of a narrower passage called

Rawa Bao, from small patch reefs rising to

within 4-6 feet of the surface from a lime-

sand and coral-gravel bottom at 12 feet. P.



246 PACIFIC SCIENCE, VoL VIII, July, 1954

E. Cloud, Jr., A. H. Banner, and D. W.
Strasburg, July 27, 1951.

G.O.C.-26. From an isolated patch reef in

the main reef passage about 1.5 miles directly

offshore from Government Station jetty (on

south portion of northern main island)
;
depth

about 20 feet. A. H. Banner and D. W.
Strasburg, July 28, 1951.

G.O.C.-27. About 9,200 feet S.72°W. from

offshore end of Government Station jetty (on

south portion of northern main island) just

south of main passage out of lagoon (Rawa

ni Karoro) where coral shoals known as Aon
te ra Bata begin to deepen; collection made
from an area where patch reefs rise above the

lime-sand bottom, at 16 feet depth; most

specimens from a low coral patch about 14

feet below the surface. P. E. Cloud, Jr., July

29, 1951.

G.O.C.-28. Slightly less than 4 miles N.-

85°W. from Aiaki Maneaba in outer lagoon;

patch reefs rising above the lime-sand surface

at 14 feet to within 6 feet of the surface. P.

E. Cloud, Jr., D. W. Strasburg, A. H. Banner,

E. Moul, andj. Randall, July 30, 1951.

G.O.C.-29. About 1 mile S.32°W. from

Tekawa church at lagoon margin of south end

of reef stretch known as Aon te Baba; col-

lection from patch reefs rising about 9 feet

(reduced to mean low tide) lime-sand bottom

to within 1 foot of the surface. P. E. Cloud,

Jr., D. W. Strasburg, and A. FI. Banner, July

31, 1951.

G.O.C.-30. Heliopora flat at south end of

the northern main island of Onotoa at 1+
feet at low tide. P. E. Cloud, Jr., and D. W.
Strasburg, August 1, 1951.

G.O.C.-32. Back ridge trough, about 600

feet offshore from PSB camp (Onotoa) at the

outer margin of the windward reef, just in-

shore from the algal ridge and surge channels;

this part of the reef never dries even at low

tide and generally has at least a foot or two

of water above it. P. E. Cloud, Jr., August

1, 1951.

G.O.C.-35. About 8,600 feet N.18°W. from

Tabuarorae Maneaba in 17 feet of water at

mean low tide. P. E. Cloud, Jr., August

10, 1951.

G.O.C.-36. Southeastern end of reef area

known as Rakai Ati, south side of big wind-

ward point of reef near center of the atoll;

collection made from a strip about 0.5 mile

long running clear across the reef. P. E.

Cloud, Jr., August 20, 1951.

G.O.C.-39- Northwestern Onotoa, about

1,300 feet northeast from Namokoro, in an

area of gravelly sand bottom with maximum
depths of about 12-14 inches at low tide and

with occasional heads of digitate Porites lohata.

P. E. Cloud, Jr., August 21, 1951.

G.O.C.-41. Green algal flats crusting dead

coral-algal rock at northwest corner of atoll;

collections were made over an area extending

about 300 feet north and 1,000 feet west from

a point about 3,000 feet north of the monu-
ment on Aonteuma; the area is exposed at

low tide. P, E. Cloud, Jr., August 21, 1951.

G.O.C.-51. About 3.25 miles N.31°W.

from Tabuarorae Maneaba near the center of

Te Rawa ni Bao, a pass in the south part of

the leeward reef; collected from thickly set

coral masses rising from 15 feet (sounded at

low tide) of water to within about 8-10 feet

of the surface locally. P. E. Cloud, Jr., August |

23
,
1951.

I

G.O.C.-53. About 9,300 feet N.30°W. from
!

Tabuarorae Maneaba in southern part of Te
|

Rawa Tekatobibi, a pass through the south
|

end of the leeward reef; collected from patch i

reefs rising to an occasional maximum of
i

within 4 feet of the surface from a bottom i

sounded at 18 feet. P. E. Cloud, Jr., August
j|

23 , 1951.
!

G.O.C.-54. About 3,500 feet N.20°E. from

Tabuarorae Maneaba, near the south end of ^

the atoll, in about 2 feet of water over dead i

coral-algal bottom patchily veneered with ;

calcareous gravel and scattered small patches

of living corah. P. E. Cloud, Jr., August
J

23, 1951. :

G.O.C;-55. About 13,400 feet S.75°W. i

from Aiki Maneaba in the deep central part

of the lagoon; the bottom is of low scattered
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dead and living coral patches on intervening

lime sand and lime mud about 30-40 per cent

sediments and 60-70 per cent corah P. E.

Cloud, Jr», August 25, 1951.

Banner, A-1, A-2. Windward reef flat,

July, 1951.

Banner, A-11. Same locality, July 24, 1951.

Banner, B-1. Extensive shallow sand flats

near shore.

Banner, B-4. Sand and decadent coral reef.

Banner, B-4-6. Sand and decadent coral

reef, turtle grass, and mud flat, and "incipient

beach rock,” July, 1951.

Banner, B-8. Decadent coral reef.

Tuamotu Archipelago

The specimens from the Tuamotus were

supplied with tin tag numbers in the field,

and these numbers are listed under the species.

The data for these numbers are as follows:

1841. Raroia Atoll, Ngarumaoa Island,

zone just behind the outer reef edge. Joseph

P. E. Morrison, July 5, 1952.

1842. Ngarumaoa Island, middle section

or zone of outer reef. J. P. E. Morrison,

July 5, 1952.

1855. Ngarumaoa Island, from edge of

outer reef opposite village. J. P. E. Morrison,

July 6, 1952.

1860. Ngarumaoa Island, middle zone of

outer reef opposite village, on and under

coral rock. J. P. E. Morrison, July 6, 1952.

1861. Ngarumaoa Island, from under rocks

on middle to inner section or zone of outer

reef opposite village. J. P. E. Morrison,

July 6, 1952.

1879. Ngarumaoa Island, outer reef edge.

J. P. E. Morrison, July 8, 1952.

1884. Ngarumaoa Island. J. P. E. Morrison,

July 8, 1952.

1886. Ngarumaoa Island. J. P. E. Morrison,

July 8, 1952.

1889- Ngarumaoa Island, from middle

zone of outer reef flat. J. P. E. Morrison,

July 9, 1952.

1906. Ngarumaoa Island, inshore pool area

of outer reef at north end. J. P. E. Morrison,

July 9, 1952.

1917. Ngarumaoa Island, from under side

of, and boring into, coralline rocks just below

low-tide line on inner reef at north end of

island. J. P. E. Morrison, July 11, 1952.

1920. Ngarumaoa Island, outer reef flats.

N. D. Newell, July 11, 1952.

1921. Ngarumaoa Island, outer reef flats.

N. D. Newell, July 11, 1952.

1922. Fakatomo Island, outer reef. Robert

Harry, July 11, 1952.

1952. Nataira Island, under rocks on outer

reef flats. J. P. E. Morrison, July 16, 1952.

1959. Homohomo Island, round depres-

sions in outer reef pavement edge. J. P. E.

Morrison, July 21, 1952.

1963. Homohomo Island. J. P. E. Mor-

rison, July 21, 1952.

1994. North of Kahongi Island. J. P. E.

Morrison, July 25, 1952.

2002. Tahuna riri Island, outer reef pave-

ment flats. J. P. E. Morrison, July 27, 1952.

2023. Ngarumaoa Island, off inner reef,

south end of island, 15 feet depth. N. D.

Newell, August 1, 1952.

2040. Oneroa Island, outer reef pavement

area. J. P. E. Morrison, August 4, 1952.

2043. Oneroa Island, from outer reef litho-

thamnion ridge in one local area. J. P. E.

Morrison, August 4, 1952.

2050. Oneroa Island, from the lithotham-

nion ridge of outer reef outside the island,

O. 5 mile south of camp. J. P. E. Morrison,

August 5, 1952.

2059. Oneroa Island, from edge of inner

reef, lagoon shore. M. Doty, August 5, 1952.

2060. Raroia Atoll, from patch reef 2 kilo-

meters inside southeast corner of lagoon. R.

Harry, August 4, 1952.

2103. Oneroa Island, coral gravel talus to

lagoon mouth of channel and north end of

island, 10 feet depth. J. P. E. Morrison,

August 9 ,
1952.

2116. Ngarumaoa Island, Ohave teu patch

reef. J. Newhouse, August 12, 1952.
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2118. Raroia Atoll, in lagoon 100 yards

east of Ohave Karena patch reef, 60 feet

depth. J. Newhouse, August 12, 1952.

2120. In the lagoon 200 yards south of

Okumekume patch reef. J. Newhouse, Au-

gust 12, 1952.

2121. In the lagoon 200 yards northeast of

the eastern tip of Miramiruau reef, Ngaru-

maoa Island; 55 feet depth. J. Newhouse,

August 13, 1952.

2122. Ngarumaoa Island, in lagoon 100

yards east of north edge of reef flat (Mira-

miruau), south end of island; in 40 feet of

water. J. Newhouse, August 13, 1952.

2124. Ngarumaoa Island, in lagoon 400

yards southwest of Tomanganga patch reef.

J. Newhouse, August 13, 1952,

2172. Brought in by Kahea from patch reef

off Tapatahiti Island (lagoon). J. P. E. Mor-

rison, August 23, 1952.

2184. Rocky (coral gravel) beach of sand

island (no name), second channel east of

Kakapuka Island. J. P. E. Morrison, August

26, 1952.

2185. Second channel east of Kakapuka

Island, under rocks just below low-tide line

on beach of sand island (no name). J. P. E.

Morrison, August 26, 1952.

2236. Collected from coral-studded bot-

tom in the Ava pass. Huri Estill, September

1, 1952.

2238. Ngarumaoa Island, from inner reef

in sandy patch near reef edge only, north end

of island. J. P. E. Morrison, September 2, 1952.

2245. Ngarumaoa Island, from just below

and 1 foot below low-tide line on gravel and

rocks of sandy gravel bottom, inner reef flats

near shore. J. P. E. Morrison, September

2, 1952.'

2250. Ngarumaoa Island, northern end. J.

P. E. Morrison, September 3, 1952.

2252. Ngarumaoa Island, from coralline

algae from outer reef. M. Doty, September

3, 1952.

2253. Ngarumaoa Island, south end, from

pool and pavement zone. M. Doty, Septem-

ber 3, 1952.

2254.

Ngarumaoa Island, edge of pond
section of lagoon reef flat (Miramiruau),

south of village. M. Doty, September 3, 1952.

LIST OF SPECIES COLLECTED

Class CRINOIDEA
Family COMASTERIDAE

Genus Comaster L. Agassiz

Comaster gracilis (Hartlaub)

Actinometra gracilis Flartlaub, Nachr. Ges.

Gottingen, May, 1890, pp. 170, 187 (Pulo

Edam, near Batavia [Djakarta], Java).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (1 specimen); G.O.C.-53 (1

specimen)

.

Genus Comantheria A. H. Clark

Comantheria polycnemis A. H. Clark

Comantheriapolycnemis A. H. Clark, U. S. Natl.

Mus., Proc. 36: 396, 1909 ("Albatross’"

stations 5139, 5147, 5248, 5249 [type local-

ity], 5350, 5251, 5252, 5253, 5354).

localities: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (2 specimens); G.O.C.-53 (2

small specimens).

note: a note with the specimens from

G.O.C.-53 reads: "These and other ones

lacking tendril grips [cirri] on base maroon

with a scattering of golden threads on term-

inal (small) ‘ branches [pinnules] of food-

gathering arms."

Genus Comanthus A. H. Clark

Comanthus bennettii (J. Muller)

Alecto bennettii J. Muller, Preuss. Akad. der

Wiss., Monatsber. 1841: 187 (locality un-

known).

localities: Marshall Islands, Arno Atoll

(3 small specimens); M.A.C.-l (1 small

specimen)

.

New Caledonia (1 large specimen).
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Comanthus samoana A. H. Clark

Comanthus {Comanthus) samoana A. H. Clark,

U. S. NatL Mus., Proc. 37: 30, 1909

(Samoa)

.

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (8 specimens); G.O.C-51 (1

specimen); G.O.C-53 (6 specimens).

Comanthus parvicirra (J. Muller)

Alecto parvicirra J. Muller, Preuss. Akad. der

Wiss., Monatsber. 1841, p. 185 (locality

unknown).

LOCALITY: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (4 specimens).

Genus Comatella A. H. Clark

Comatella maculata (P. H. Carpenter)

Actinometra maculata P. H. Carpenter, "Chal-

lenger” Rpts., Zoology 26(60): 307, 1888

("Challenger” station 186).

LOCALITY: Mariana Islands, Rota, D. G.

Frey, November 12, 1945 (1 specimen).

Family HIMEROMETRIDAE

Genus Himerometra A. H. Clark

Himerometra robustipinna (P. H.

Carpenter)

Actinometra robustipinna P. H. Carpenter, Ley-

den Mus., Notes 3: 201, 1881 (Moluccas).

locality: Solomon Islands, New Georgia,

Wilfred G. litis (1 specimen).

Family MARIAMETRIDAE

Genus Stephanometra A. H. Clark

Stephanometra spicata (P. H.

Carpenter)

Antedon spicata P. H. Carpenter, Leyden Mus.,

Notes 3: 190, 1881 (Banda Sea).

LOCALITY: Guam, tide pools, D. G. Frey,

November 25, 1945 (1 specimen).

Stephanometra indica

protectus (Liitken)

Antedon protectus Liitken, Mus. Godeffroy

Cat. 5: 190, 1874 (Tonga Islands; nomen
nudum); in P. H. Carpenter, Linn. Soc.

London, Trans. (Zook), ser. 2, 2: 19, 1879

(character of the oral pinnules).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (1 small specimen); G.O.C.-51

(1 specimen).

Okinawa, reef off Odomari, A. R. Loeb-

lich, Jr., June 12, 1945 (3 specimens).

Genus Lamprometra A. H. Clark

Lamprometra palmata palmata (J. Muller)

Alecto palmata J. Muller, Preuss. Akad. der

Wiss., Monatsber. 1841: 185 (India).

localities: Gilbert Islands, Onotoa Atoll,

G.O.C.-25 (1 specimen). Philippines, Green

Island Bay, Palawan, Lt. William A. Bartos,

1944 (1 specimen).

Class ECHINOIDEA
Family CIDARIDAE

Genus Eucidaris Pomel

Eucidaris metularia (Lamarck)

Cidarites metularia Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 3, p. 56,

1816 (Ocean of the Great Indies, Mauri-

tius, and Santo Domingo).

LOCALITIES: Tuamotus, Morrison, 1879 (1

specimen); 1941 (1 specimen); 1952 (1 spec-

imen).

Guam, Oca Point, D. G. Frey, November,

1945 (1 specimen).

Genus Phyllacanthus Brandt

Phyllacanthus imperialis (Lamarck)

Cidarites imperialis Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 3, p. 54,

1816 (Red Sea).

locality: New Caledonia (fragments of

several specimens).
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Family DIADEMATIDAE

Genus Diadema Gray

Diadema paucispinum A. Agassiz

Diadema paucispinum A, Agassiz, Mus. Corn-

par. ZooL, BuL 1: 19, 1863 (Sandwich

[Hawaiian] Islands).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (1 specimen); G.O.C-30 (1 spec-

imen); G.O.C.-36 (1 specimen).

Diadema setosom (Leske)

Echinometra setosa Leske, Additamenta ad

Jacobi Theodori Klein, 1778, p. 36.

locality: Saudi Arabia, !4 mile north of

West Pier, Ras Tanura, Donald S. Erdman,

June 23, 1948.

NOTES: In his account of the echinoderms

of the Iranian Gulf (Danish Scientific Inves-

tigations in Iran, part 2: 59, 1940) Dr. Th.

Mortensen says: ”Above all it is unbelievable

that Diadema should not occur there, seeing

that it occurs as far north as the Gulf of

Suez in the Red Sea.’’ In his notes on the

echinoderms of Tarut Bay and vicinity, Saudi

Arabia, Richard LeBaron Bowen wrote (A.

H. Clark, 1949, Amer. Mus. Novitates No.

1390: 11, 13, 14) that on May 25, 1945, he

found Diadema in Tarut Bay, and in one

locality it was predominant and common.

Later when he visited the locality to collect

specimens, it had totally disappeared. In 1948

Mr. Erdman collected a specimen in the same

general region and brought it to Washington.

This specimen was mentioned as Diadema

setosum, but without data of occurrence, in

1950 (Report on the Progress and Condition

of the United States National Museum for

the year ending June 30, 1949, p. 29).

Genus Echinothrix Peters

Echinothrix diadema (Linne)

Echinus diadema Linne, Systema naturae, ed.

10, vol. 1, p. 664, No. 7, 1758 (Indian Sea).

localities: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (2 small specimens, one with a

parasitic gastropod).

Marshall Islands, Ailuk Atoll, leeward reef

just west of Ailuk Island, seaward side, F. S.

MacNeil, 1951-52 (2 specimens),

Tuamotus, Morrison, 1842 (4 specimens);

2238 (1 specimen).

Guam, Oca Point, David H. Johnson,
May, 1945 (1 specimen); D. G. Frey, Novem-
ber, 1945 (3 specimens).

Saipan, Unai Taloforo, P. E. Cloud, Jr.,

June 12, 1949 (1 specimen),

Echinothrix calamaris (Pallas)

Echinus calamaris Pallas, Spicilegia zoologica

. . . vol. 1, fasc. 10, p. 31, pL 2, figs. 4-8,

1774 (East Indies).

LOCALITY: Solomon Islands, Bougainville

Island, U, S. Navy, 1944 (1 specimen).

Family TEMNOPLEURIDAE

Genus Mespilia Desor

Mespilia globulus (Linne)

Echinus globulus Linne, Systema naturae, ed.

10, vol. 1, p. 664, No. 2, 1758 (Indian

Ocean)

.

locality: New Caledonia (6 bare tests).

Family TOXOPNEUSTIDAE

Genus Tripneustes L. Agassiz

Tripneustes gratilla (Linne)

Echinus gratilla Linne, Systema naturae, ed.

10, vol. 1, p. 664, No. 4, 1758 (Indian

Ocean)

.

localities: Gilbert Islands, Onotoa Atoll,

reef near Abenecne, at a depth of 2 feet.

Banner, October 7, 1951 (collected by Stras-

burg) (1 specimen).

Tuamotus, Morrison, 1889 (1 specimen);

1921 (1 specimen); 2175 (1 specimen).

Palmyra Island, Dr. W. H. Jones, U. S.
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Navy, U.S.S. "Portsmouth” (1 specimen).

Guam, Oca Point, David H. Johnson, May,

1945 (1 specimen).

Solomon Islands, Bougainville, U. S. Navy,

1944 (1 specimen); New Georgia, Wilfred G.

litis (1 specimen).

Seleo Island, about 5 miles off the northern

New Guinea coast at Aitape, about midway

between Hollandia and Wewak, Capt. Marvin

Clinton Meyer (3 specimens).

New Caledonia (1+ specimens).

Family PARASALENIIDAE

Genus Parasalenia A. Agassiz

Parasalenia pohlii Pfeifer

Parasalenia pohlii Pfeifer, Ver. Naturw. Un-

terhalt. Hamburg, Verhandl. 6: 110, 1887

(Tahiti).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-28 (1 specimen).

Tuamotus, Morrison, 2250 (1 specimen).

New Caledonia (2 bare tests).

Family ECHINOMETRIDAE

Genus Echinometra Gray

Echinomatra mathaei (de Blainville)

Echinus mathaei de Blainville, Diet, de sci. nat.,

vol. 37, Oursin, p. 94, 1825 (Mauritius).

localities: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (3 specimens); G.O.C.-27 (1

specimen); G.O.C.-29 (1 specimen); G.O.-

C.-36 (2 specimens); G.O.C.-41 (2 speci-

mens); Banner, A-11 (1 specimen); lagoon,

in coral, Banner, July, 1951 (1 specimen).

Marshall Islands, Ailuk, F. S. MacNeil (1

specimen); Eniwetok, Lt. William C. Har-

rington, July 9, 1944 (1 specimen); Kwajalein

Atoll, Loi and South Loi Islands, F. S. Mac-

Neil (4 specimens); Lae Atoll, Lae Island,

F. S. MacNeil (1 specimen); Taka Island,

beach, F. S. MacNeil (3 specimens); Ujae

Atoll, Ally Island, F. S. MacNeil (1 specimen)

;

Ujelang Atoll, sand bar east of Moron Island,

F. S. MacNeil (2 specimens); Uterik Atoll,

beach at west end of Uterik Island, lagoon

side, F. S. MacNeil (1 specimen).

Tuamotus, Morrison, I860 (3 specimens);

1879 (4 specimens); 1994 (1 specimen); 2116

(fragments); 2118 (dead test); 2184 (1 spec-

imen); 2253 (1 small specimen).

Guam, Oca Point, David H. Johnson,

May, 1945 (3 specimens); D. G. Frey, No-
vember, 1945 (3 specimens).

Saipan, P. E. Cloud, Jr., April 6, 1949 (1

specimen); lagoon west of Saipan, P. E.

Cloud, Jr., April 12, 27, May 13, June 20,

1949 (19 specimens).

Okinawa, reef off Ogimi, A. R. Loeblich,

Jr., June 12, 1945 (32 specimens).

Solomon Islands, Bougainville, Lt. William

A. Bartos, 1944 (1 specimen); U. S. Navy,

1944 (2 specimens).

Seleo Island, about 5 miles off Aitape,

northern New Guinea, about midway be-

tween Hollandia and Wewak, Capt. Marvin

Clinton Meyer (5 specimens).

Netherlands New Guinea, about 5 miles

north of Sansapor, Lt. George H. Penn,

August 15 to October 3, 1944 (11 specimens).

New Caledonia (8 tests).

Echinometra mathaei var. oblonga

(de Blainville)

Echinometra ohlongus de Blainville, Diet, de

sci. nat., vol. 37, Oursin, p. 95, 1825 (no

locality)

.

LOCALITIES: Tuamotus, Morrison, 1841 (17

specimens); 2002 (1 specimen); 2185 (9

specimens)

.

Genus Echinostrephus A. Agassiz

Echinostrephus aciculatus A. Agassiz

Echinostrephus aciculatus A. Agassiz, Mus.
Compar. ZooL, Bui. 1: 20, 1863 (Kings-

mill [Gilbert] and Hawaiian Islands).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-51 (5 specimens).

Marshall Islands, Kwajalein Atoll, Loi and
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South Loi Islands, F. S. MacNeil (1 spec-

imen)
;
Ujae Atoll, Wotya Island, F. S. Mac-

Neil (1 small specimen); Ujelang Atoll, sand

bar east of Moron Island, F. S. MacNeil (1

specimen).

Genus Colobocentrotus Brandt

Colobocentrotus atratus (Linne)

Echinus atratus Linne, Systema naturae, ed.

10, vol. 1, p. 655, 1758.

LOCALITY: Spouting Horn, south shore of

Kauai, Hawaiian Islands, P. E. Cloud, Jr.,

September 13, 1951 (25 specimens).

Colobocentrotus pedifer (de Blainville)

Echinus pedifer de Blainville, Diet, de sci. nat.,

vol. 37, Oursin, p. 97, 1825 (southern

seas).

localities; Tuamotus, Morrison, 1922 (1

specimen); 1959 (1 specimen); 2043 (7 spec-

imens); 2050 (5 specimens).

note: This species is known only from the

Tuamotus.

Colobocentrotus mertensi Brandt

Colobocentrotus mertensiE>s2a\dx, Prodrom. descr.

anim. ab H. Mertensio observ., p. 66, 1835.

localities: Guam, Oca Point, David H.

Johnson, May, 1945 (8 specimens).

Saipan, near Taloforo, Alice Davis and

Betsy Weld, transmitted through P. E. Cloud,

Jr., June 12, 1949 (49 specimens).

NOTES: This species, long known from the

Bonin Islands, was first recorded from the

Marianas by Shozo Nishiyama who listed it

from Pagan Island (Japan Oceanogr. Soc.,

Jour. 1[1,2], May, 1942 [in Japanese]). In

1949 I mentioned its occurrence at Guam
(A. H. Clark, 1949; 71).

Genus Heterocentrotus Brandt

Heterocentrotus trigonarius (Lamarck)

Echinus trigonarius Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 3, p. 51,

1816 (.^Mediterranean).

localities: Marshall Islands, Ailuk, F. S.

MacNeil (1 specimen); Kwajalein Atoll, Loi

and South Loi Islands, F. S. MacNeil (1 spec-

imen)
;
Lea Atoll, on windward reef flat. Lea

Island, F. S. MacNeil, 1951-52 (1 specimen);

Likiep Atoll, Lado Island, outer reef behind

lithothamnion ridge, F. S. MacNeil (2 spec-

imens); Uterik Atoll, Uterik Island, F. S.

MacNeil (2 specimens); Wotho, F. S. Mac-

Neil (2 specimens).

Tuamotus, Morrison, 1855 (4 specimens);

1889 (1 specimen); 1959 (1 small specimen).

Canton Island, Charles A. Ely, November

18, 1941 (1 specimen).

Guam, Oca Point, David H. Johnson, May,

1945 (2 specimens).

Heterocentrotus mammillatus (Linne)

Echinus mamillatus Linne, Systema naturae, ed.

10, vol. 1, p. 664, No. 9, 1758 (no locality).

LOCALITIES: Tuamotus, Morrison, 1959 (3

small specimens).

Saipan, near Taloforo, P. E. Cloud, Jr.,

June 12, 1949 (2 specimens).

New Caledonia (8 bare tests).

Family CLYPEASTRIDAE

Genus Clypeaster Lamarck

Clypeaster latissimus (Lamarck)

Scutella latissima Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 3, p. 12,

, 1816 (.^Southern Ocean).

LOCALITY: New Caledonia (1 specimen, 110

by 104 mm.).

Clypeaster reticulatus (Linne)

Echinus reticulatus Linne, Systema naturae, ed.

10, vol. 1, p. 606, No. 15, 1758 (American

Ocean)

.

localities: Marshall Islands, Taka Atoll,

F. S. MacNeil (1 specimen, length 75 mm..
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width at anterior pair of petals 54 mm., thick-

ness of margin 13 mm.); Ujae Atoll, Ally

Island, F. S. MacNeil (3 specimens).

Family LAGANIDAE

Genus Laganum Linck

Laganum depressum L. Agassiz

Laganum depressum L. Agassiz, Monographie

des scutelles, p. 110, pi. 23, figs. 1-7, 1841

(Moluccas).

localities: Marshall Islands, Ailuk, F. S.

MacNeil (1 specimen); Taka Atoll, beach,

F. S. MacNeil (4 specimens); Ujelang Atoll,

sand bar east of Moron Island, F. S. MacNeil

(2 specimens); Wotho Atoll, Wotho Island,

F. S. MacNeil (88 specimens).

New Caledonia (11 dead tests, the largest

74 by 61 mm.).

Laganum sp.

LOCALITY: Tuamotus, Morrison, 2120

(fragments).

Genus Peronella Gray

Peronella lesueuri (L. Agassiz)

Laganum lesueuri L. Agassiz, Monographie

des scutelles, p. 116, pi. 24, figs. 3-6, 1841

(southern lands, Peron and Lesueur; also

Guadeloupe).

locality: Okinawa, Shioya, Shanawan, D.

Flint, 1947 (1 specimen).

Family FIBULARIIDAE

Genus Fibularia Lamarck

Fibularia australis Desmoulins

Fibularia australis Desmoulins, Etudes sur les

echinides, p. 240 ,1837 (southern seas).

LOCALITY: Marshall Islands, Wotho Island,

F. S. MacNeil (77 specimens).

Fibularia ovulum (Linne)

Echinus ovulum Linne, Systerna naturae, ed.

13, vol. 1, pt. 6, p. 3194, No. 83, 1788

(no locality).

LOCALITIES: Marshall Islands, Ujelang Atoll,

sand bar east of Moron Island, F. S. MacNeil

(39 specimens); Wotho Atoll, F. S. MacNeil

(5 specimens).

Genus Echinocyamus van Phelsum

Echinocyamus megapetalus H. L. Clark

Echinocyamus megapetalus H. L. Clark, Mus.

Compar. Zook, Mem. 46(1): 60, pi. 128,

figs. 5-8, 1914 (Mauritius).

LOCALITIES: Marshall Islands, Ujelang Atoll,

sand bar east of Moron Island, F. S. MacNeil

(255 specimens); Wotho Island, F. S. Mac-

Neil (11 specimens).

Family ECHINONEIDAE

Genus Echinoneus van Phelsum

Echinoneus cyclostomus Leske

Echinoneus cyclostomus Leske, Additamenta ad

Jacobi Theodori Klein, p. 173, pi. 37, figs.

4, 5, 1778.

localities: Marshall Islands, Kwajalein

Atoll, Loi and South Loi Islands, F. S. Mac-

Neil (1 specimen); Likiep Atoll, Nada Island,

F. S. MacNeil (1 specimen); Taka Atoll, Taka

Island, beach, F. S. MacNeil (8 specimens);

Ujae Atoll, Ally Island, F. S. MacNeil (8

specimens); Wotya Island, F. S. MacNeil (1

specimen); Ujelang Atoll, sand bar east of

Moron Island, F. S. MacNeil (93 specimens);

Wotho Atoll, Wotho Island, F. S. MacNeil

(5 specimens).

Tuamotus, Morrison, 1861 (2 specimens);

1883 (1 specimen); I906 (2 specimens); 1963

(1 specimen).

Family SPATANGIDAE

Genus Metalia Gray

Metalia sternalis (Lamarck)

Spatangus sternalis Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 3, p. 31,

1816 (southern oceans).

locality: New Caledonia (1 specimen).
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Metalia spatagus (Linne)

Echinus spatagus Linne, Systerna naturae, ed.

10, p. 665, 1758 (oceans everywhere).

LOCALITIES: Guam, Oca Point, David H.

Johnson, May, 1945 (1 specimen).

New Caledonia (fragments of a very large

specimen bored by a gastropod).

Metalia dicrana H. L. Clark

Metalia dicrana H. L. Clark, Mus. Compar.

Zook, Mem. 46(2): 211, pi. 146, fig. 16,

pi. 160, figs. 1-4, 1917 (Panglao, Bohol

Province, Philippines)

.

LOCALITY: Marshall Islands, Likiep Atoll,

Uado Island, F. S. MacNeil (1 specimen).

Genus Maretia Gray

Maretia ovata (Leske)

Spatangus ovatus Leske, Additamenta ad Jacobi

Theodori Klein, p. 188, pi. 49, figs. 12,

13, 1778.

LOCALITY: Marshall Islands, Uterik, F. S.

MacNeil (fragments).

Gentus Brissus Leske

Brissus latecarinatus (Leske)

Spatangus brissus var. latecarinatus Leske, Addi-

tamenta ad Jacobi Theodori Klein, pp.

XX, 185, 1778.

LOCALITIES: Marshall Islands, Taka Atoll,

F. S. MacNeil (2 specimens; the larger, length

123 mm., width 100 mm., height 65 mm.);

Ujelang Atoll, sand bar east of Moron Island,

F. S. MacNeil (19 specimens; the largest,

length 137 mm., width 105 mm., height 78

mm.); Wotho Island, F. S. MacNeil (1 spec-

imen, length 135 mm., width 113 mm.,

height 81 mm.); no definite locality, F. S.

MacNeil (1 specimen).

Class ASTEROIDEA
Family ARCHASTERIDAE
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Archaster typicus Muller and Troschel

Archaster typicus Muller and Troschel, Preuss.

Akad. der Wiss., Monatsber. 1840: 104

(Indian Ocean).

locality: New Caledonia (3 specimens).

Family OREASTERIDAE

Genus Protoreaster Doderlein

Protoreaster nodosus (Linne)

Asterias nodosa Linne, Systema naturae, ed. 10,

p. 661, 1758 (Indian Ocean).

LOCALITIES: Guam, Oca Point, David H.

Johnson, May, 1945 (1 specimen); D. G.

Frey, November, 1945 (5 specimens).

Seleo Island, about 5 miles off the northern

New Guinea coast at Aitape, about midway
between Hollandia and Wewak, coral reef,

Capt. Marvin Clinton Meyer (2 specimens).

New Caledonia (3 specimens).

Genus CuLCiTA L. Agassiz

Culcita novae-guineae

Muller and Troschel

Culcita novae-guineae Muller and Troschel,-

System der Asteriden, 1842, p. 38 (New
Guinea)

.

LOCALITIES: Marshall Islands, Bikini Atoll,

inside pools of outer reef, southeastern Bikini

Island, H. S. Ladd, March 23, 1946 (1 spec-

imen); Ailuk, windward reef, F. S. MacNeil,

1951-52 (i specimen).

Gilbert Islands, Onotoa Atoll, P. E. Cloud,

Jr. (1 specimen); G.O.C.-54 (1 specimen).

Tuamotus, Morrison, 2023 (1 specimen);

2059 (1 specimen); 2060 (1 specimen); 2172

(1 specimen).

Guam, Oca Point, David H. Johnson,

May, 1945 (4 specimens); D. G. Frey, No-

vember, 1945 (5 specimens).

Seleo Island, about 5 miles off the northern

coast ofNew Guinea at Aitape, about midway
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between Hollandia and Wewak, Capt. Marvin

Clinton Meyer (1 specimen).

New Caledonia (1 specimen).

Family LINCKIIDAE

Genus Fromia Gray

Fromia hemiopla Fisher

Fromia hemiopla Fisher, U. S. Natl. Mus.,

Proc. 46: 212, 1913 (Tonquil Island, Gu-

mila reef, south of Mindanao, Philippines).

LOCALITIES: Marshall Islands, Ailuk Atoll,

near outer edge of seaward reef, leeward side

of Ailuk Island, near west end of island, F.

S. MacNeil, 1951-52 (1 specimen).

Gilbert Islands, Onotoa Atoll, G.O.C.-36

(3 specimens); G.O.C.-55 (1 specimen).

Fromia milleporella (Lamarck)

Asterias milleporella Lamarck, Histoire natu-

relle des animaux sans vertebres, vol. 2, p.

564, 1816 (.^seas of Europe).

LOCALITIES: Saipan, lagoon west of the is-

land, P. E. Cloud,Jr.,July 4, 1949 (1 specimen).

New Caledonia (1 specimen).

Fromia balansae Perrier

Fromia balansae Perrier, Arch, de Zool. Expt.

et Gen. 4: 552, 1875 (New Caledonia).

LOCALITIES: Fiji, Mukuluva reefs, June 12,

1922 (1 specimen).

Samoa, Pago Pago, Vernon L. Kellogg,

August, 1902 (3 specimens).

Fromia pacifica H. L. Clark

Fromia pacifica H. L. Clark, Echinoderms of

Torres Strait, 1921, p. 42, pi. 31, figs. 5, 6

(Hawaiian Islands).

locality: Samoa, Pago Pago, Vernon L.

Kellogg, August, 1902 (2 specimens).

note: Dr. Clark in the original description

recorded this species from the Gilbert Islands.

Fromia monilis Perrier

Fromia monilis Perrier, Arch, de Zool. Expt.

et Gen. 4: 443, 1875 (no locality).

locality: Gilbert Islands, Onotoa Atoll,

G.O.C.-36 (2 specimens).

Samoa, Pago Pago, Vernon L. Kellogg,

August, 1902 (1 specimen).

No locality (1 specimen).

Genus Ferdina Gray

Ferdina offreti Koehler

Ferdina offreti Koehler, Indian Mus. Aster-

oidea, p. 143, pL 16, figs. 2-5, 1910 (Little

Andaman, 10 fathoms; Ceylon, 34 fathoms).

LOCALITY: New Caledonia (1 specimen).

Genus Gomophia Gray

Gomophia egyptica Gray

Gomophia egyptica Gray, Ann. and Mag. Nat.

Hist. 6: 286, 1840 (Egypt).

LOCALITY: Gilbert Islands, Onotoa, 4-10

feet. Banner, July, .1951 (1 specimen).

Genus Nardoa Gray

Nardoa pauciforis (von Martens)

Linckiapauciforis von Martens, Arch. f. Natur-

gesch. 32(1): 69, 1866 (Adenare Island,

near Flores).

LOCALITY: Solomon Islands, New Georgia,

Wilfred G. litis (1 specimen).

Nardoa mollis de Loriol

Nardoa mollis de Loriol, Soc. Phys. Nat. Hist.

Geneve, Mem., Suppl. 8: 26, pi. 3 (12),

figs. 4-4f, 1891 (New Britain).

locality: Seleo Island, about 5 miles off

the northern coast of New Guinea at Aitape,

about midway between Hollandia and We-
wak, Capt. Marvin Clinton Meyer (7 spec-

imens.
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Nardoa frianti Koehler

Nardoa frianti Koehler, Indian Mus. Aster-

oidea, I9 IO, p. 158, pi. 17, figs. 3, 4

(Andaman Islands, 20 fathoms).

LOCALITY: New Caledonia (1 broken spec-

imen).

Genus Ophidiaster L. Agassiz

Ophidiaster granifer Liitken

Ophidiaster granifer Liitken, Vidensk. Meddel.

1871; 276 (Tonga Islands).

LOCALITY: Seleo Island, about 5 miles off

the northern New Guinea coast at Aitape,

about midway between Hollandia and We-
wak, coral reef, Capt. Marvin Clinton Meyer

(2 specimens).

Ophidiaster pustulatus (von Martens)

Linckia pustulata von Martens, Arch. f. Natur-

gesch. 32(1): 62, 1866 (Flores; Amboina).

locality: Guam, Oco Point, David H.

Johnson, May, 1945 (2 specimens).

Ophidiaster perplexus sp. nov.

DESCRIPTION: Rays 5, equal, with parallel

sides until near the tip, well arched aborally,

hat orally below the marginals; interbrachial

angles acute. R = 33 mm., r = 5.5 mm.,

R = 6r; breadth of arms at base 6 mm.
At the base of the rays on the aboral surface

there are three rows of plates between the

marginals, but almost immediately additional

rows appear by branching of the median row

and its successive branches, so that in the

outer half of the rays there are seven or eight

rows. At the base of the rays all the aboral

plates are ofabout the same size, the marginals

only very slightly larger than the others, but

on the outer part of the rays, while the plates

of the rows adjoining the superomarginals

are of about the same size as the latter or

only very slightly smaller, those of the inner

rows are considerably smaller and more or

less irregular in arrangement.

All the plates are completely covered with

a continuous coating of very small contiguous

spherical granules; a small group of granules

on the summit of each plate, or, especially on
the marginals, a single granule, are slightly

though inconspicuously larger than the others.

The aboral and marginal plates are slightly

tumid, each longitudinal series forming a low
convex ridge, the ridges and the individual

plates in the ridges being separated from each

other by similar shallow though prominent

furrows.

The marginals number about 32; the supero-

marginals are directly above the inferomar-

ginals, and the plates of the outermost aboral

rows are for the most part directly above the

superomarginals. The terminal plate is aboral,

somewhat flattened-hemispherical, bare, with

4-6 tubercles in an irregular longitudinal

series.

In the center of the disc there is a group

of about 15 irregularly arranged plates en-

closed in a pentagon of 10 subequal larger

plates which are broader than long. The ra-

dially situated plates in the pentagon are

followed by the median row of aboral plates.

The plate in this row immediately following

the radial plate in the pentagon is somewhat

larger than those succeeding, and the next

following plate may be slightly enlarged. The

interradial plates in the pentagon are separated

from the interradial superomarginals by two

smaller plates similar to and contiguous with

the plates of the lateral rows of the aboral

surface between the median row and the

superomarginals.

The madreporite, which is about the size

of the adjacent interradial plate in the central

pentagon, is halfway between the center of

the disc and the interradial angle. There is

only a single madreporite.

The papulae appear to be single or in small

groups of 2 or 3, but are difficult to dis-

tinguish between the granules.

On the oral surface of the rays there are at

the bases of the rays 4 rows of plates between

the adambulacrals and the inferomarginals.
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The outermost row extends to about the

eighth inferomarginal, and the next disap-

pears in the outer third of the ray. The plates

of the oral surface are completely covered

with densely crowded small spherical uniform

granules resembling those on the aboral sur-

face. The plates are only slightly elevated and

are separated by shallow grooves. There ap-

pear to be no papulae on the oral surface.

There are no pedicellariae on either the oral

or aboral surfaces.

The furrow spines are flattened at right

angles to the longitudinal axis of the ray and

have broadly rounded tips. Of the two on

each adambulacral plate, the adoral is slightly

smaller than the aboral. Between the two

spines on each plate there are two elongated

grains, one above the other, 2 or 3 times as

long as broad, the uppermost reaching to the

upper third of the spines. These grains are

visible only after dissection. On the mouth

plates and on a few of the adambulacrals

immediately following, grains (usually two)

from the oral surface are intercalated between

the spines. The outer portion of each adam-

bulacral plate bears a rounded tubercle which

is a little larger than the rounded end of the

larger spine; this tubercle is separated from

the furrow spines by usually two irregular

rows of tubercles similar to those covering

the oral surface.

The color (dry) is buff white, with small

irregular darker blotches.

type: U.S.N.M., E.7999, from pool and

pavement zone at the south end of Ngaru-

maoa Island, Tuamotus; collected by Dr.

Joseph P. E. Morrison, September 3, 1952.

REMARKS: Ophidiaster perplexus falls within

that section of the genus Ophidiaster which

includes species with granules on the inner

surface of the furrow between the furrow

spines; with a single madreporite; with few

papular pores in each papular area; and with

few or no pedicellariae. This group includes

only 0. pustulatus 2indi 0. squameus, from which

0. perplexus differs markedly in the arrange-

ment of the plates on the aboral surface; in

the fineness and uniformity of the granular

covering; in the spherical form of the tuber-

cles on the outer part of the adambulacral

plates; and in having the granules on the

furrow series double and between pairs of

spines instead of between individual spines.

In size and in general appearance Ophidiaster

perplexus resembles Linckia multifora more

closely than it does any other species of

Ophidiaster, and it is possible that in the past

it has been confused with it. The rays are

slightly stouter than those of L. multifora,

and the plates on the aboral surface are larger,

more tumid, and, at least on the bases of the

rays and on the aboral surface of the disc,

more regular in arrangement; the papular

areas are much smaller, with fewer papulae.

On the oral side the armature of the adam-

bulacral plates is strikingly similar, but in L.

multifora the grains on the inner face of the

furrow are between the individual spines in-

stead of between pairs of spines, as in 0.

perplexus. In L. multifora there are two madre-

porites which are much nearer the inter-

brachial angles than they are to the center

of the disc.

Genus Linckia Nardo

Linckia multifora (Lamarck)

Asterias multifora Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 2, p. 565,

1816 (?Seas of Europe).

LOCALITIES: Marshall Islands, Eniwetok,

Lt. William C. Harrington, July 9, 1944 (1

specimen); Ujae Atoll, soft fine sandy tidal

flat at the north end of Ujae Island, F. S.

MacNeil, 1951-52 (3 specimens); Uterik

Atoll, F. S. MacNeil, November 28, 1951 (3

specimens); Wotho Atoll, Wotho Island, F.

S. MacNeil (2 specimens).

Gilbert Islands, Onotoa Atoll, G.O.C.-24

(1 specimen); G.O.C.-36 (3 specimens and

4 comets); G.O.C.-41 (1 specimen); Banner,

B-8 (1 comet).

Tuamotus, Morrison, 1884, 1886 (4 spec-

mens); I860 (46 specimens)
; 1917 (2 comets);



258

1920 (1 specimen); 2103 (1 comet); 2121 (4

specimens); 2185 (3 specimens); 2243 (1

comet); 2245 (15 specimens).

Canton Island, L. P. Schultz, June 5, 1939

(1 specimen).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., April 27, 1949 (1 specimen); April

27 and May 13, 1949 (5 specimens); May 6,

1949 (1 specimen).

Linckia laevigata (Linne)

Asterias laevigata Linne, Systema naturae, ed.

10, voL 1, p. 662, No. 8, 1758 (Mediter-

ranean and Indian Seas).

localities: Marshall Islands, Bikini Atoll,

Bikini Island, from shore (coral head) in Bi-

kini lagoon near Bikini Island, depth 40 feet,

J. P. E. Morrison, March 13, 1946 (1 spec-

imen) .

Gilbert Islands, Onotoa Atoll, G.O.C.-39

(1 specimen).

Guam, Oca Point, David H. Johnson,

May-June, 1945 (16 specimens); D. G. Frey,

November, 1945 (2 specimens).

Solomon Islands, New Georgia, Wilfred

G. litis (5 specimens, one of them 6-rayed).

New Caledonia (1 specimen).

Family ASTEROPIDAE

Genus Asterope Muller and Troschel

Asterope carinifera (Lamarck)

Asterias carinifera Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 2, p. 556,

1816 (voyage of Peron and Lesueur).

LOCALITIES: Fiji, Mukuluva reefs (1 spec-

imen).

Guam, Oca Point, David H. Johnson,

May, 1945 (1 specimen).

Seleo Island, about 5 miles off the northern

coast of New Guinea at Aitape, about mid-

way between Hollandia and Wewak, coral

reef, Capt. Marvin Clinton Meyer (1 spec-

imen).

PACIFIC SCIENCE, Vol. VIII, July, 1954

Family ASTERINIDAE

Genus Asterina Nardo

Asterina cephea (Muller and Troschel)

Asterias cephea (Valenciennes, MS.) Muller

and Troschel, System der Asteriden, p. 41,

1842 (Batavia [Djakarta], Java).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C,-51 (4 specimens, one 4-rayed).

Okinawa, reef off Odomari, A. R. Loeblich,

Ir., June 12, 1945 (1 specimen).

Seleo Island, about 5 miles off the northern

New Guinea coast at Aitape, about midway
between Hollandia and Wewak, coral reef,

Capt. Marvin Clinton Meyer (3 specimens).

Genus Patiriella Verrill

Patiriella exigua (Lamarck)

Asterias exigua Lamarck, Histoire naturelle des

animaux sans vertebres, vol. 2, p. 554 (Seas

of America, etc.).

localities: Admiralty Islands, Manus, D.

G. Frey, January 12, 1946 (15 specimens),

Seleo Island, about 5 miles off the northern

New Guinea coast at Aitape, about midway
between Hollandia and Wewak, coral reef,

Capt. Marvin Clinton Meyer (7 specimens).

Genus Disasterina Perrier

Disasterina spinulifera H. L. Clark

Disasterina spinulifera H, L. Clark, Mus. Corn-

par. ZooL, Mem, 55: 156, pL 22, fig. 6,

1938 (Broome, Western Australia).

locality: Saipan, lagoon west of the is-

land, P. E. Cloud, Jr., May 4, 1949 (1

specimen)

.

Family ECHINASTERIDAE

Genus Othilia Gray

Othilia luzonica Gray

Othilia luzonica Gray, Ann. and Mag. Nat.

Hist. 6: 282, 1840 (Isle of Luzon, Philip-

pines).
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LOCALITIES: Marshall Islands, Ailuk Atoll,

near outer edge of seaward reef, leeward side

of Ailuk Island, near west end of island, F.

S. MacNeil, 1951-52 (1 specimen).

Gilbert Islands, Onotoa Atoll, lagoon, A.

H. Banner, July, 1951 (1 specimen).

Palmyra Island (2 specimens).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., May 13, 1949 (1 specimen).

Family ACANTHASTERIDAE

Genus Acanthaster Gervais

Acanthaster plane! (Linne)

Asterias planet Linne, Systerna naturae, ed. 10,

p. 823, Appendix, 1758 (Goa [Portuguese

India]).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-36 (1 specimen).

Tuamotus, Morrison, 2236 (1 specimen).

New Caledonia (2 specimens).

Class OPHIUROIDEA
Family OPHIACTIDAE

Genus Ophiactis Liitken

Ophiactis savignyi (Muller and Troschel)

Ophiolepis savignyi Muller and Troschel, Sys-

tem der Asteriden, p. 95, Species 12, 1842

(Egypt).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

Banner, B-4, in old heads (9 specimens).

Tuamotus, Morrison, 2122 (1 specimen).

Family OPHIOTRICHIDAE

Genus Ophiothrix Muller and Troschel

Ophiothrix propinqua Lyman

Ophiothrixpropinqua Lyman, Boston Soc. Nat.

Hist., Proc. 8: 83, 1861 (Kingsmill [Gil-

bert] Islands).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-35 (2 specimens); G.O.C.-36 (1

specimen); G.O.C.-51 (3 specimens).

Canton Island, Charles A. Ely, 1942 (1

specimen)

.

Ophiothrix trilineata Liitken

Ophiothrix trilineata Liitken, Additamenta ad

historiam Ophiuridarum, part 3, pp. 58,

100, 1869 (Samoan Islands).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-51 (6 specimens).

Tuamotus, Morrison, 1920 (1 specimen).

Ophiothrix picteti de Loriol

Ophiothrix picteti de Loriol, Rev. Suisse de

Zook 1: 423, pL 15, figs. 3-3e (Amboina).

LOCALITY: Canton Island, lagoon, in coral,

Charles A. Ely, January, 1942 (2 specimens).

Ophiothrix demessa Lyman

Ophiothrix demessa Lyman, Boston Soc. Nat.

Hist., Proc. 8: 82, 1861 (Sandwich [Ha-

waiian] and Gilbert [Kingsmill] Islands).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-30 (2 specimens); exact locality lost,

A. H. Banner (1 specimen).

Ophiothrix longipeda (Lamarck)

Ophiura longipeda Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 2, p. 544,

1816 (Mauritius).

LOCALITY: Saipan, lagoon north of Matuis

Beach, northwestern Saipan, P. E. Cloud, Jr.,

December 12, 1948 (1 specimen).

Family OPHIOCHITONIDAE

Genus Ophionereis Liitken

Ophionereis porrecta Lyman

Ophionereis porrecta Lyman, Boston Soc. Nat.

Hist. Proc. 7: 260, I860 (PFlorida).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-51 (3 specimens).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., May 4, 13, 1949 (9 specimens).
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Eamily OPHIOCOMIDAE

Genus Ophiocoma L. Agassiz

Ophiocoma anaglyptica Ely

Ophiocoma anaglyptica Ely, Wash. Acad. Sci.

Jour. 34(11): 373, fig. 1, 1944 (Canton

Island, reef).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-30 (1 specimen); G.O.C.-32 (4

specimens).

Ophiocoma scolopendrina (Lamarck)

Ophiura scolopendrina Lamarck, Histoire na-

turelle des animaux sans vertebres, vol. 2,

p. 544, 1816 (Mauritius).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-41 (2 specimens); G.O.C-51 (9

specimens); Banner, A-l,A-2 (13 specimens);

Banner, exact locality lost (2 specimens).

Tuamotus, Morrison, 1879 (1 specimen);

1994 (1 specimen); 2185 (12 specimens); 2252

(1 specimen); 2254 (2 specimens).

Eiji, Mukuluva reefs, June 12-16, 1922 (26

specimens); reef east of Mukuluva, June 14,

1922 (3 specimens).

Guam, Oca Point, D. G. Frey, November

1945 (2 specimens); January 1946 (2 spec-

imens),

Saipan, lagoon west of the island, P. E.

Cloud, Jr., April 19, 1949 (2 specimens).

Solomon Islands, New Georgia, Lt. Wil-

liam A. Bartos, 1944 (2 specimens).

New Guinea, J. E. Hadley (15 specimens).

Ophiocoma erinaceus Muller and Troschel

Ophiocoma erinaceus Muller and Troschel, Sys-

tem der Asteriden, p. 98, 1842 (Red Sea;

Indian Ocean).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (8 specimens); G.O.C.-30 (9

specimens); G.O.C.-36 (5 specimens).

Tuamotus, Morrison, 1920 (6 specimens);

2040 (1 specimen),

Saipan, lagoon west of the island, P. E.

Cloud, Jr., May 13, 1949 (1 specimen); on
Tanapag reef, P. E. Cloud, Jr., April 29, 1949

(3 specimens).

Ophiocoma schoenleinii Muller

and Troschel

Ophiocoma schoenleinii Muller and Troschel,

System der Asteriden, p. 99, 1842 (India).

LOCALITY: Gilbert Islands, Onotoa Atoll,

G.O.C.-41 (2 specimens).

Ophiocoma pica Muller and Troschel

Ophiocoma pica Miiller and Troschel, System

der Asteriden, p. 101, 1842 (locality un-

known).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

exact locality lost, Banner (1 specimen).

Tuamotus, Morrison, 1994 (1 specimen).

Ophiocoma brevipes Peters

Ophiocoma brevipes Peters, Preuss. Akad. der

Wiss., Ber. 1851: 466 (Mozambique; Que-

rimba Island).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (1 specimen); G.O.C.-30 (1

specimen)

.

Tuamotus, Morrison, 1920 (1 specimen).

Eiji, Mukuluva reefs (2 specimens).

Netherlands New Guinea, Amsterdam Is-

land, about 5 miles north of Sansapor, Lt.

George H. Penn, August 15 to October 3,

1944 (1 specimen).

Ophiocoma sp.

locality: Gilbert Islands, Onotoa Atoll,

G.O.C.-26 (1 specimen).

Genus Ophiocomella A. H. Clark

Ophiocomella clippertoni A. H. Clark

Ophiocomella clippertoni A. H. Clark, Smithsn.

Inst., Misc. Collect. 98(11): 7, pi. 1, figs.

1, 2 (as O.parva), 1939 (Clipperton Island).
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LOCALITY: Saipan, lagoon west of the is-

land, P. E. Cloud, Jr., May 13, 1949 (4

specimens).

Genus Ophiomastix Muller and Troschel

Ophiomastix mixta Liitken

Ophiomastix mixta Liitken, Additamenta ad

historiam Ophiuridarum, pt. 3, pp. 42, 99,

1869 (Samoa and Fij'i).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-24 (1 specimen); G.O.C.-36 (1 spec-

imen); G.O.C.-51 (1 specimen).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., March 7, 1949 (2 specimens).

Fiji, reef east of Mukuluva, June 14, 1922

(1 specimen).

Ophiomastix bispinosa H. L. Clark

Ophiomastix bispinosa H. L. Clark, Mus. Corn-

par. Zook, Bui. 61(12): 442, pi. 2, figs. 1,

2, 1917 (Paumotu [Tuamotu] Islands,

Makemo)

.

LOCALITY: Gilbert Islands, Onotoa Atoll,

Banner, B-1 (1 specimen).

Ophiomastix notabilis H. L. Clark

Ophiomastix notabilis H. L. Clark, Mus. Corn-

par. Zook, Mem. 55: 337, fig. 27, 1938

(Cape Leveque, Western Australia).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-35 (1 specimen); G.O.C.-51 (2

specimens).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., May 13, 1949 (1 specimen).

Ophiomastix annulosa (Lamarck)

Ophiura annulosa Lamarck, Histoire naturelle

des animaux sans vertebres, vol. 2, p. 543,

1816 (from the voyage of Peron and

Lesueur)

.

LOCALITY: Netherlands New Guinea, Am-
sterdam Island, about 5 miles north of San-

sapor, Lt. George H. Penn, August 15 to

October 3, 1944 (1 specimen).

Genus Ophiarthrum Peters

Ophiarthrum elegans Peters

Ophiarthrum elegans Peters, Preuss. Akad. der

Wiss., Ber. 1851: 463 (Querimba Island).

LOCALITIES: Saipan, lagoon west of the is-

land, P. E. Cloud, Jr., May 13, 1949 (1

specimen)

.

Fiji, Mukuluva reefs, June 8, 1922 (6

specimens)

.

Ophiarthrum pictum (Muller and Troschel)

Ophiocoma picta Muller and Troschel, System

der Asteriden, p. 102, 1842 (Java).

LOCALITY: Guam, Oca Point, D. G. Frey,

November, 1945 (2 specimens).

Family OPHIODERMATIDAE

Genus Ophiarachnella Ljungman

Ophiarachnella gorgonia (Muller

and Troschel)

Ophiarachna gorgonia Muller and Troschel,

System der Asteriden, p. 105, 1842 (lo-

cality unknown).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-30 (1 specimen).

Guam, Oca Point, D. G. Frey, November,

1945 (1 specimen).

Ophiarachnella infernalis (Muller

and Troschel)

Ophiarachna infernalis Muller and Troschel,

System der Asteriden, p. 105, 1842 (Indian

Ocean)

.

locality: Guam, Oca Point, D. G. Frey,

November, 1945 (4 specimens).

Genus Ophiopezella Ljungman

Ophiopezella spinosa (Lungman)

Ophiarachna spinosa Ljungman, Ofvers. K.
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Vetensk. Akad. Forhandl., vol. 23, part 6,

p. 305, 1867 (Foua).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C-30 (1 specimen); G.O.C-51 (5

specimens).

Saipan, lagoon west of the island, P. E.

Cloud, Jr., May 13, 1949 (1 specimen).

Family OPHIOLEPIDIDAE

Genus Ophiura Lamarck

Ophiura kiobergi Ljungman

Ophiura (vel Ophioglypha) kinhergi Ljungman,

Ofvers. K. Vetensk. Akad. Forhandl. 23:

166, 1866 (Sydney, New South Wales,

Australia)

.

locality: Tuamotus, Morrison, 2124 (1

specimen).

Genus Ophiolepis Muller and Troschel

Ophiolepis cincta Muller and Troschel

Ophiolepis cincta Muller and Troschel, System

der Asteriden, p. 90, 1942 (Red Sea).

LOCALITIES: Fiji, Mukuluva reefs (1 spec-

imen) .

Saipan, lagoon west of the island, P. E.

Cloud, Jr., April 19, 1949 (1 specimen).

Genus Ophioplocus Lyman

Ophioplocus imbricatus (Muller

and Troschel)

Ophiolepis imbricata Miiller and Troschel, Sys-

tem der Asteriden, p. 93, 1842 (Mauritius;

Timor).

LOCALITIES: Gilbert Islands, Onotoa Atoll,

G.O.C.-30 (2 specimens).

Canton Island, reef on the south side under

stones, 3-4 feet, Charles A. Ely, October

28, 1941.

Seleo Island, about 5 miles off the northern

New Guinea coast at Aitape, about midway
between Hollandia and Wewak, Capt. Marvin

Clinton Meyer (1 specimen).

PACIFIC SCIENCE, Vol. VIII, July, 1954

ATOLLS AND ISLANDS AT WHICH COLLECTIONS
WERE MADE, WITH THE SPECIES COLLECTED

AT EACH

Admiralty Islands, Manus: Patiriellaexigua.

Fiji Islands: Fromia halansae, Asterope carini-

fera, Ophiocoma scolopendrina, Ophiocoma

brevipes, Ophiomastix mixta, Ophiarthrum ele-

gans, Ophiolepis cincta.

Gilbert Islands, Onotoa Atoll: Comaster

gracilis, Comantheria polycnemis, Stephano-

metra indica protectus, Lamprometra palmata

palmata, Diadema paucispinum, Echinothrix

diadema, Tripneustes gratilla, Parasalenia

pohlii, Echinometra mathaei, Echinostrephus

aciculatus, Culcita mvae-guineae, Fromia hemi-

opla, Fromia monilts, Gomophia egyptica,

Linckia multifora, Linckia laevigata, Asterina

cephea, Othilia luzonica, Acanthaster planci,

Ophiactis savignyi, Ophiothrix propinqua,

Ophiothrix trilineata, Ophiothrix demessa, OphE

onereis porrecta, Ophiocoma anaglyptica, Ophi-

ocomascolopendrina, Ophiocoma erinaceus, Ophi-

ocoma schoenleinii, 'Ophiocoma pica, Ophioco-

ma brevipes, Ophiocoma sp., Ophiomastix

mixta, Ophiomastix bispinosa, Ophiomastix

notabilis, Ophiarachnella gorgonia, Ophiope-

zella spinosa, Ophioplocus imbricatus.

Hawaiian Islands, Kauai: Colobocentrotus

atratus.

Mariana Islands, Guam: Stephanometra spi-

cata, Eucidaris metularia, Echinothrix dia-

dema, Tripneustes gratilla, Echinometra ma-

thaei, Colobocentrotus mertensi, Heterocentrotus

trigonarius, Metalia spatagus, Protoreaster

nodosus, Culcita novae-guineae, Ophidiaster

pustulatus, Linckia laevigata, Asterope carini-

fera, Ophiocoma scolopendrina, Ophiarthrum

pictum, Ophiarachnella gorgonia, Ophiarach-

nella infernalis. Pagan Island: Colobocentrotus

mertensi [quoted from Nishiyama]. Rota

Island: Comatella maculata. Saipan: Echino-

thrix diadema, Echinometra methaei, Colobo-

. centrotus mertensi, Heterocentrotus mammillatus,

Fromia milleporella, Linckia multifora, Disas-

terina spinulifera, Othilia luzonica, Ophiothrix

longipeda, Ophionereis porrecta, Ophiocoma
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scolopendrina, Ophiocoma erinaceus, Ophioco-

mella clippertoni, Ophiomastix mixta^ Ophio-

mastix notabilis, Ophiarthrum elegans, Ophio-

pezella spinosa, Ophiolepis cincta.

Marshall Islands, Ailuk Atoll: Echimthrix

diadema, Echinometra mathaei, Heterocentrotus

trigonarius, Laganum depressum, Culcita novae-

guineae, Fromm hemiopla, Othilia luzonica.

Arno Atoll: Comanthus hennettii, Comanthus

samoana, Comanthusparvicirra. Bikini Atoll:

Culcita novae-guineae, Linckia laevigata. Eni-

wetok Atoll: Echinometra mathaei, Linckia

multifora. Kwajalein Atoll: Echinometra ma-

thaei, Echinostrephus aciculatus, Heterocentrotus

trigonarius, Echinoneus cyclostomus. Lae Atoll:

Echinometra mathaei, Heterocentrotus trigona-

rius. Likiep Atoll : Heterocentrotus trigonarius,

Echinoneus cyclostomus, Metalia dicrana. Taka

Atoll: Echinometra mathaei, Clypeaster reti-

culatus, Laganum depressum, Echinoneus cy-

clostomus, Brissus latecarinatus

.

Ujae Atoll:

Echinometra mathaei, Echinostrephus acicula-

tus, Clypeaster reticulatus, Echinoneus cyclo-

stomus, Linckia multifora. Ujelang Atoll:

Echinometra mathaei, Echinostrephus acicula-

tus, Laganum depressum, Eihularia ovulum,

Echinocyamus megapetalus, Echinoneus cyclo-

stomus, Brissus latecarinatus. Uterik Atoll:

Echinometra mathaei, Heterocentrotus trigo-

narius, Maretia ovata, Linckia multifora.

Wotho Atoll: Heterocentrotus trigonarius, La-

ganum depressum, Eihularia australis, Eihularia

ovulum, Echinocyamus megapetalus, Echinoneus

cyclostomus, Brissus latecarinatus, Linckia mul-

tifora.

New Caledonia: Comanthus hennettii, Phyl-

lacanthus imperialis, Mespilia globulus, Tri-

pneustesgratilla, Parasaleniapohlii, Echinomet-

ra mathaei, Heterocentrotus mammillatus, Cly-

peaster latissimus, Laganum depressum, Metalia

sternalis, Metalia spatagus, Archaster typicus.

Protoreaster nodosus, Culcita novae-guineae,

Eromia milleporella, Eerdina offreti, Nardoa

frianti, Linckia laevigata, Acanthaster planci.

New Guinea: Ophiocoma scolopendrina. Am-
sterdam Island: Ophiocoma hrevipes, Ophio-

mastix annulosa. Sansapor: Echinometra ma-
thaei. Seleo Island: Tripneustes gratilla,

Echinometra mathaei. Protoreaster nodosus.

Culcita novae-guineae, Nardoa mollis, Ophi-

diaster granifer, Asterope carinifera, Asterina

cephea, Patiriella exigua, Ophioplocus imbri-

catus.

Palmyra Island: Tripneustes gratilla, Othilia

luzonica.

Philippine Islands, Palawan: Lamprometra

palmata plamata.

Phoenix Islands, Canton Island: Heterocen-

trotus trigonarius, Linckia multifora, Ophio-

thrixpropinqua, Ophiothrixpicteti, Ophioplocus

imbricatus.

Ryukyu Islands, Okinawa: Stephanometra

indica protectus, Echinometra mathaei, Pero-

nella lesueuri, Asterina cephea.

Samoa Islands: Eromia balansae, Eromia pa-

cifica, Eromia monilis.

Saudi Arabia, Ras Tanura: Diadema setosum.

Solomon Islands, Bougainville: Echinothrix

calamaris, Tripneustes gratilla, Echinometra

mathaei. New Georgia: Himerometra robus-

tipinna, Nardoa pauciforis, Linckia laevigata,

Ophiocoma scolopendrina.

Tuamotu Archipelago: Eucidaris metularia,

Echinothrix diadema, Tripneustes gratilla, Pa-

rasalenia pohlii, Echinometra mathaei, Echi-

nometra mathaei var. oblonga, Colobocentrotus

pedifer, Heterocentrotus trigonarius, Hetero-

centrotus mammillatus, Laganum sp., Echi-

noneus cyclostomus, Culcita novae-guineae,

Ophidiaster perplexus sp, nov., Linckia multi-

fora, Acanthaster planci, Ophiactis savignyi,

Ophiothrix trilineata, Ophiocoma erinaceus,

Ophiocoma pica, Ophiocoma hrevipes, Ophiura

kinbergi.
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Objective Estimates of Hawaiian RainfalP

Charles K. Stidd^

The problem of interpreting mean weather

maps in terms of rainfall has been studied by

numerous investigators. Klein (1949), for ex-

ample, described a method applicable to the

Tennessee Valley in winter. The Hawaiian

rainfall problem was studied by Solot (1948

and 1950), whose methods have been of some

use in estimating expected Hawaiian rainfall

from the prognostic maps of the Extended

Forecast Section of the U. S. Weather Bu-

reau. While the method, in the hands of a

practiced user, probably shows as much skill

as the method to be described in this paper,

tests (Aubert, MS.) have revealed that Solot’s

principles may sometimes be interpreted in

quite different ways by two different fore-

casters, which fact points to the need for a

completely objective method for making rain-

fall estimates. One further reason for a new

study of the problem at this time is the fact

that upper-level data were not readily avail-

able to Solot, and his study was based en-

tirely on sea-level pressure patterns. An 18-

to 20-year, homogeneous series of mean
monthly 700-millibar charts has now been

prepared by the Extended Forecast Section,

and it has been deemed desirable to develop

a method based on this series, since it is the

^ Published with the approval of the Director as

Technical Paper No. 225 of the Pineapple Research

Institute, Honolulu, Hawaii. Manuscript received No-
vember 24, 1953.

2 United States Weather Bureau, Washington, D.C.

700-millibar level for which the basic prog-

nosis is made (Namias, 1953).

The present study is a continuation of a

former study (Stidd, 1954) in which the cor-

relation field technique was explored, tested,

and compared with other methods.

The main purpose of this study is to de-

scribe the development of an objective meth-

od for interpreting mean weather charts in

terms of rainfall, although some attempt is

made to supply physical explanations for the

relationships revealed by the data.
^

METHOD

The correlation field technique seems well

suited to the problem of relating a parameter

in two dimensions (in this case, the height

of the 700-mb. surface) to a point parameter

(rainfall), since any linear relationships must

be revealed and use is made of all data. Fur-

thermore, since no prior knowledge of the

relationships is assumed, the method is ob-

jective in its development as well as in its

application.

To prepare a correlation field pattern for a

given rainfall parameter, it is necessary to

determine the correlation coefficients between

the given rainfall and the 700-millibar heights

at each of a number of grid points. These

coefficients are then plotted on a base map
at the respective grid points, and the pattern

is analysed. Such patterns usually are found

to be smooth and regular with one or two

264
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Fig. 1. Correlation field pattern of mean monthly
700-millibar height versus monthly rainfall averaged

for four stations in the vicinity of Hilo. Winter months
(November through April); total of 102 cases.

well-defined maxima or minima. Little, if any,

smoothing is necessary in drawing isopleths

to the plotted data. Although space does not

allow the data to be shown on these figures,

the previous paper (Stidd, 1954, fig. 6) con-

tains the data and demonstrates how little

smoothing is heeded. An example is given

in Figure 1 . Here the rainfall parameter is the

series of monthly rainfall amounts averaged

for four stations in the immediate vicinity of

Hilo (see map. Fig. 2). Figure 1 shows that

increased pressure north of the islands favors

rain at Hilo, and probably indicates that

heavy rains are associated with stronger trade-

wind gradients and that Hilo rainfall is very

sensitive to changes in the trade-wind flow.

The actual pattern of Figure 1 is suggestive

of the anomalous flow pattern which is asso-

ciated with heavy rainfall at Hilo. The extent

to which this analogy is sound has been de-

scribed in detail in the previous study (Stidd,

1954), which showed that the regression co-

efficients of rainfall on pressure fulfill the

geostrophic equation in the same manner as

the pressures themselves. Furthermore, if

there were no spatial variation in the standard

deviations of pressure, the correlation co-

efficients would, themselves, fulfill this equa-

Fig. 2. Map showing location of five groups of rainfall stations in Hawaii. Terrain contours are shown at

2,000-foot intervals.
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tion. Thus, it may be said that, disregarding

the spatial variations in standard deviation of

pressure (or, in this case, 700-mb. height),

the correlation field is strictly analogous to

an anomalous flow pattern. A tight gradient

of the isopleths in the correlation field in-

dicates a strong correlation of the wind tan-

gent to those isopleths. This view of the

correlation field is the basis for the discussions

of the patterns.

RAINFALL PARAMETERS

Because the rainfall climate varies enor-

mously from point to point within the Ha-

waiian Islands, no single rainfall parameter

will be representative of conditions in gen-

eral. Stidd and Leopold (1951) showed that

two parameters might suffice to describe the

rainfall patterns over fairly large areas.

In this study, a group of five stations from

the wetter areas of Oahu have been combined

to represent one of these parameters, and four

dry-area stations represent the other. The

combination of the two parameter estimates

into an estimate for some other station is

explained in the appendix.

Certain areas under the direct influence of

mountains higher than 5,000 feet fail to fit

into this scheme since their rainfall patterns

change systematically with changes in wind

direction. In the present study, several such

places—Hilo, the Hamakua Coast, and Na-

alehu—have been tested on an individual

basis.

To eliminate some of the randomness found
in single-station rainfall data, each rainfall

index is composed of the mean of several

fairly homogeneous station values. These are

listed in Table 1 and shown in Eigure 2.

In order to make the rainfall indices have a

more nearly normal distribution, the cube

roots were taken of all the group rainfall

amounts (Stidd, 1953). The assumption that

the resulting sets of values are normally dis-

tributed is satisfactory in all these cases, as

the stations in each group are quite homo-
geneous and no individual stations reported

zero rainfall for any of these months. In some
of the 5-day and 1-day data, which are dis-

cussed briefly in this report, zeros did occur,

but not so frequently as to lead to any serious

departures from normal distributions. Seasonal

trends were removed by expressing the index

value of a given month as a difference from

the mean of all the values for that month.

The distribution of 700-millibar heights

was assumed to be so nearly normal that no

processing was required except for removal of

the seasonal trend. This was accomplished

in the same manner as for rainfall.

Five-Day Means: These were computed only

for the period from November, 1946, through

April, 1951. Approximately 255 pairs of values

(two overlapping 5-day means per week) were

available for each grid point, although, due

to the fact of the overlap in 5-day periods

and to the fact that serial correlations are

higher in 5 -day data than in monthly data,

TABLE 1

Stations Used in Computing Rainfall Indices

OAHU WET OAHU DRY HILO HAMAKUA NAALEHU

Station

Mean
annual Station

Mean
annual Station

Mean
annual Station

Mean
annual Station

Mean
annual

Kawai-iki

Lower Luakaha
Tantalus

Nuuanu 4

Nuuanu 5

102.19

137.57

100.93

141.77

87.59

Ewa
Wailupe
Waipahu
U.S. Mag. Ob.

20.62

26.11

25.07

19.70

Hilo

Papaikou

Pepeekeo

Waiakea M.

138.71

132.97

128.57

200.32

Kukaiau
Pauuilo

Paauhau

Honokaa

105.56

100.81

67.91

93.44

Naalehu
Kiolakaa

Moaula Sta.

Pahala

45.24

64.46

47.60

43.37

Group Mean 112.01 22.90 150.14 92.18 50.17
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Fig. 3. Data of Figure 1 broken down to show each of the six winter months separately (17 cases in each

pattern).
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the samples of 5 -day data would probably be

equivalent to a smaller sample of independent

data than would the monthly samples.

Daily Data: For comparison purposes only,

daily rainfall amounts were correlated with

700-millibar heights for the months of Jan-

uary and February from 1946 through 1952.

Only each fifth day was used, giving 77 pairs

of relatively independent data at each grid

point. The only rainfall index used was that

for Hilo.

HILO (winter)

One of the strongest relationships revealed

in this study was that between winter-time

monthly rainfall at Hilo and the 700-millibar

height at 37°N-163°W, in which a correlation

of nearly +0.7 was found (Fig. 1). An ob-

jective formula based on this coefficient was

found to give substantially better results on

independent data (see tests) than did the es-

timates which were made by conventional

methods. The correlation coefficient is based

on 108 pairs of data, and the temptation is

strong to consider it highly significant and

meaningful in spite of the fact that the 108

values do not constitute a random sample

and that an unknown reduction in degrees of

freedom must be considered in view of the

possible serial correlation in the data. Since

the coefficient in question is merely the best

from among many, it must be examined very

critically before any significance at all can be

attached to it. Chance alone, however, would

not give a coefficient this high in random

samples of 108 cases once in 10® times, and

the correlation is undoubtedly significant in

spite of serial correlation and its having been

selected from among 32 others.

Some evidence of seasonal change in this

pattern can be seen in the series of charts

shown in Figure 3. Here the winter half-year

pattern of Figure 1 is broken down into sep-

arate patterns for each of the months. As

only 18 pairs of data go into each correlation

coefficient shown in this series, the patterns

would, by chance, be expected to vary from

PACIFIC SCIENCE, Vol. VIII, July, 1954

month to month; however, it is seen that in

each case the correlation is quite high at

37°N-163°W.

A physical explanation for the position of

this key point is not difficult to provide on
the basis of orography, and, as orographic rain-

fall is of predominant importance to Hilo,

this explanation is likely to suffice. The
mountains behind Hilo enclose it in an arc

which curves gently through approximately

60 degrees. Thus, trade winds ranging in

direction from due east to NNE will be cap-

tured and lifted rather than deflected around

the mountain mass (see map. Fig. 2). It may
be supposed, then, that Hilo rainfall will be

quite responsive to the strength of the trade

winds and that, providing the winds are

trades, the precise direction is not particularly

important.

In Figure 1 the direction and gradient of

the isopleths over Hilo confirm this strong

relationship between trade winds and rainfall.

The maximum correlation at 37°N-l63°W
simply indicates the spot where pressure ano-

malies are most closely related to flow ano-

malies in the Hilo area. If low latitude data

were available, it might be possible to find

a center of high negative correlation to the

SSW of Hilo.

Since the "strength of the trade winds" is

proposed as the physical mechanism between

the pressure at 37°N-l63°W and rainfall at

Hilo, it might be supposed that a more nearly

direct measure of trade-wind strength would

have a still higher correlation. It is possible

to test the gradient directly by correlating the

difference in height between two grid points

with Hilo rainfall. Such a correlation using

the grid points 25°N-145°W and 20°N-

140°W gave a coefficient of only 0.38. The

discrepancy between the strength of this "di-

rect" correlation and the best coefficient from

the correlation field is not easy to understand.

It emphasizes once again the difficulty of

intuitive selection of parameters, particularly

when mean charts and long-range problems

are involved.
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Figure 4^ shows a correlation field which

associates 5 -day mean 700-millibar heights

with 5-day rainfall totals at Hilo. It is different

from the monthly chart of Figure 1 in three

noteworthy respects:

1. The maximum correlation coefficient is

much lower.

2. A negative correlation is found in the

Hawaiian area.

3. The positive maximum is displaced well

to the east of its monthly position.

This chart points up the need for considering

the short-period phenomena which go to

make up the mean monthly pressure maps

and indicates that the reasoning, previously

presented to explain the monthly pattern, is

not completely adequate. Further evidence for

this is provided by Figure Ab, which shows

the correlation field relating 24-hour rainfall

amounts at Hilo to mid-period 700-millibar

heights. This chart substantiates Figure Aa in

showing a negative correlation near Hawaii,

but the positive maximum is displaced back

to the approximate position which it occupies

on the monthly chart. In considering these

two shorter-period charts, it should be borne

in mind that they include only 5 or 7 years of

data and that, in addition, the 24-hour-

amounts chart is only for the months of

January and February, so that the apparent

differences may be due in part to the pecu-

liarities of the particular time periods which

the charts represent. The author suspects that

this consideration might account for the zonal

shift in the positive center but is inadequate

to explain the negative correlation in the

island area.

The smaller correlation coefficients dis-

played by the shorter periods are due in part

to the larger degree of randomness or "noise”

in the basic data. This is largely suppressed

in the process of taking 30-day means. In the

previous study (Stidd, 1954), short-period

data for the Tennessee Valley gave patterns

similar to the monthly data, although the

strengths of the relationships were reduced

in about the same degree as that shown here.

Fig. 4. Correlation field patterns of 700-millibar

height versus Hilo area rainfall, a. Five-day means,

November-April, 255 cases; b, twenty-four-hour rain-

fall amounts and mid-period synoptic 700-millibar

heights, data taken every fifth day from the months of

January and February, 66 cases.

The Hawaiian short-period patterns, however,

are distinctly "different” from the monthly

patterns.

It is evident that patterns associated with

daily rainfall amounts need not be the same

as those for monthly amounts. Suppose that

a strong positive relationship exists between

pressure at a given point and concurrent rain-

fall at some other point. During periods when

no rain is falling, the pressure at the given

point will be low, and in a month’s time it

might happen that nearly all the days are free

of rainfall and marked by low pressure at the
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given point. In one day’s time, however, it

is possible for enough rain to fall to yield an

above-normal total for the entire month. The
high pressure, associated with this one day’s

rain, would not compensate for the many
days of low pressure associated with the

drought, and the strong daily relationship

would break down on a monthly mean basis.

In other words, the problem stems from the

fact that there are -no "'negative amounts” of

rainfall to compensate for the few cases of

exceptionally heavy rainfall.

Thus, on a mean monthly map the point

of maximum correlation may be shifted from

the place where it appears on a daily map.

The new position may be one at which high

pressure favors persistent or repeated periods

of rainfall but not, necessarily, concurrent

rainfall.

HILO (summer)

Figure 5^ shows the correlation field of

August 700-millibar heights versus Hilo rain-

fall. The highest correlation on this chart is

no more than one would expect to find by

chance alone, and it is evident that Hilo sum-

mer rainfall has little, if any, linear depend-

ency on the mean monthly 700~millibar chart.

This is probably due to the fact that trade

winds over Hilo in summer are so deep and

steady that their strength cannot be a critical

factor and the fluctuations in rainfall must

be associated with something other than the

fluctuations in trade-wind strength.

This very weak summer relationship is

characteristic of all the rainfall indices tested,

and thus far no alternative approach to the

summer problem has led to very satisfactory

long-period objective estimates. These low

correlations indicate that Solot’s method is

likewise inadequate in the summer months.

HAMAKUA

Fig. 5. Correlation field patterns of mean monthly

700-millibar height versus monthly rainfall amounts.

a, Hilo area, August, 17 cases; b, Hamakua Coast,

winter months, 102 cases; c, Naalehu area, winter

months, 102 cases.

In contrast to the strong relationship shown

by the Hilo winter correlation field (Fig. 1)

is the much weaker relationship for the Hama-

kua index (Fig. 5^). This rainfall index is
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based on the records from a group of gauges

spaced along the coast at distances of 27 to

37 miles from Hilo. The slopes behind these

stations are convex to the trades, making the

precise direction of the trades a more impor-

tant factor than it is at Hilo. The convexity

also has the effect of giving each station a

slightly different exposure, with consequent

loss in homogeneity.

Smaller mean annual rainfall amounts in

this area and greater inhomogeneity among
stations suggest that there is more random-

ness in the Hamakua index than in the Hilo

index, and this randomness helps reduce the

relationship of the index to the 700-millibar-

height field. Comparison of Figure with

Figure 1 shows that the relationship is reduced

to a marked degree, the highest correlation

coefficient between Hamakua rainfall and

700-millibar heights being only 0.44.

NAALEHU

Figure 5c shows the winter monthly pattern

for the Naalehu index. This is a much drier

area, responding more to cyclonic activity and

less to trade winds than does Hilo. It will be

seen to be very similar to the pattern for dry

areas on the Island of Oahu, a fact which

helps establish the principle that stations hav-

ing equal mean annual rainfalls respond alike

to a given rainfall stimulus.

The high positive center on this pattern is

far to the north, presumably the more readily

to allow the development of negative values

in the immediate vicinity of the Islands. It is

unfortunate that data from more southerly

latitudes are not available. Experience with

patterns of this sort in other areas indicates

that the nearby negative center might well

be greater in magnitude than the distant posi-

tive center. In fact, it is evident in all the

patterns that important information could be

found in the area south of the Islands.

WET INDEX

Figure 6a shows the correlation field pat-

tern associated with the monthly rainfall from

Fig. 6. Correlation field patterns of 700-millibar
height versus Oahu wet-index (average of five high-
rainfall stations on Island of Oahu), a, Monthly
amounts, winter, 102 cases; b, five-day amounts, winter,

255 cases; c, monthly amounts, summer (May through
October), 102 cases.
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a group of five stations from the wet areas

of Oahu. The group mean annual rainfall of

112 inches indicates that these stations derive

the bulk of their rainfall from orographic

effects, and, as might be expected, the pattern

of Figure Ga is somewhat similar to that for

the Hilo area (Fig. 1). There are three impor-

tant differences, however, as follows:

1. The positive center is shifted 5 degrees

northward.

2. The correlation is negative in the island

area.

3. The over-all strength of the relationship

is not as great as in the case for Hilo.

The northward shift and negative correlation

may indicate a somewhat greater importance

of cyclonic activity to the monthly rainfall

totals of these wet Oahu stations. The fact

that the over-all relationship seems weaker

would indicate, as in the case of the Hamakua
stations, that rainfall of the wet Oahu stations

is not as greatly dependent on the strength

of the trade winds as is that of Hilo.

Five-day rainfall amounts for these wet

Oahu stations are shown by Figure Gb to be

more dependent on cyclonic activity and less

dependent on the strength of the trades. This

is indicated by a negative correlation probably

greater than —0.30 just to the southwest of

the Islands, a stronger southerly gradient of

flow over the Islands, and a much weaker

positive belt to the north.

As with Hilo rainfall, summer data fail to

reveal any useful relationship between the

wet index and the 700-millibar surface. Figure

Gc shows the pattern for the season May
through October.

DRY INDEX

In contrast to the wet-index pattern of Fig-

ure Ga, Figure la shows the pattern for a

group of four stations chosen from the dry

areas of the Island of Oahu. In this pattern

the cyclonic origin of the rainfall is emphas-

ized and the similarity of this pattern to that

for Naalehu (Fig. 5c) is marked. The pattern

of Figure lb, 5-day rainfall amounts for the
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dry-index stations, indicates that the short-

period amounts are almost purely dependent

on cyclonic activity. The correlation coeffi-

cient — 0.52 is larger than is usually found

with 5.-day data.

OBJECTIVE ESTIMATES

In practice it has been found difficult to

obtain high multiple correlation coefficients

by the combination of several selected points

from the 700-millibar chart. In the case of

Hilo, for instance, the relationship between

the 700-millibar surface and rainfall cannot be

boosted, by any significant amount, above

the 0.69 expressed by the best simple correla-

tion coefficient in Eigure 1. In most other

cases, where reasonably high negative corre-

lations are found in addition to the positive

center, a combination of two points—those

showing greatest positive and greatest nega-

tive simple correlation— gives a multiple cor-

relation that is difficult to improve upon by

the addition of other points.

Multiple regression equations were devel-

oped, by means of which the dry index and the

wet index could each be estimated from a

knowledge of the heights of two points on

the 700-millibar surface. Given the wet and

dry indices, rainfall amounts for various sta-

tions can be estimated from a knowledge of

their mean annual rainfalls. The method has

been used in forecasting by applying the re-

gression equations to data from the prog-

nostic monthly mean charts. During the past

2 years, 24 estimates made by the objective

method alone had a slightly higher average

skill score than the final predictions, which

frequently were modifications of the objective

estimates.

For those who may wish to apply the meth-

od, the regression equations and other essen-

tial information are given in an appendix.

COMPARISON TEST

It was mentioned in the introduction that

a test had been made on the ability of fore-

casters to interpret mean charts in terms of
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Hawaiian rainfall. This rest (Aubert, MS.)

covered the period February, 1948, through

January, 1950. An experienced long-range

forecaster and a meteorologist without much

long-range experience worked independently,

using observed mean monthly sea-level maps

to estimate the rainfall for various Hawaiian

stations. They relied heavily on Solot’s find-

ings. In order to compare the present method

of objective estimates with this test, the 2-

year period involved in the test was deleted

from the data of the present study, and all the

necessary correlations were recomputed. New
key points were chosen and the regression

constants were altered so that the resulting

regression equations were entirely independ-

ent of any of the data from the test period.

In that portion of the original test which

dealt with winter months, the experienced

forecaster had a skill score of 0.25 as against

a score of 0.20 for the inexperienced fore-

caster. The objective method, computed by

a statistical clerk, had a skill score of 0.29.

These scores may be interpreted in the

usual sense, namely, that they are the correct

portion of the group of forecasts which would

have been in error had no skill been involved.

Without more detailed information they have

little meaning in the absolute sense, but they

are stated here to indicate relative abilities.

Thus, all tests to date seem to indicate that

objective methods based on correlation field

patterns can do at least as well as the sub-

jective methods of trained forecasters.

LIMITATIONS OF METHOD

The chief objection to the correlation field

method is the fact that only one or two points

on the map are considered and all the rest of

the map is completely disregarded. As has

previously been stated, it does not seem feas-

ible to overcome this objection simply by the

addition of more points, because each added

point boosts the multiple correlation only

very slightly. An alternative approach to the

problem would be to attempt to express all

the salient features of the map in a few simple

Fig. 7. Correlation field patterns of 700-millibar

height versus Oahu dry-index (average of four low-

rainfall stations on Island of Oahu), a. Monthly
amounts, winter, 102 cases; b, five-day amounts, winter,

255 cases.

terms, using the method of orthogonal poly-

nomials as described by Wadsworth (1948)

or the method of spherical harmonics as de-

scribed by Haurwitz and Craig (1952). This

relatively small number of parameters could

then be correlated with rainfall and the best

ones chosen as predictors. Such an approach

tested on data from the United States

mainland, showed little improvement over

the correlation field method where the

key-point correlations were =±=0.6 or higher.

Where the correlation fields were weaker than

this, however, improvement was indicated.
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With regard to the use of only two points,

practice seems to indicate that they may be

adequate as estimators from an observed map
but inadequate when used with prognostic

charts. This is due to the fact that a prog-

nostic chart may show considerable skill in

anticipating the large-scale features of the

observed map a month later and yet be in

error at the key point or points on which the

rainfall forecast is based. Skill scores for Hilo,

for instance, have been significantly lower

than those for stations on the Islands farther

north, and yet the correlation field shows a

stronger relationship of the observed 700-

millibar chart to Hilo than to any other

station.

CONCLUSIONS

Objective long-range estimates of Hawaii-

ian rainfall from observed 700-millibar pat-

terns can be made with a general accuracy

at least equal to that attained by a forecaster

using conventional methods. The correlation

fields shed some light on the mechanisms of

mean monthly rainfall processes in Hawaii

and suggest limits to our ability to make rain-

fall estimates from a knowledge of the 700-

millibar field.

The use of key points as described in this

study comprises a forecast system which is

very sensitive to errors on the prognostic

charts. It may be possible to overcome this

difficulty by the use of orthogonal methods

of map description.

Substantial improvement in monthly rain-

fall forecast accuracy will depend in part on

improvement of the prognostic 700-millibar

charts and in part on the discovery of rainfall-

related factors other than those found in the

mean pressure field.

APPENDIX

Regression equations for estimating Ha-

waiian monthly rainfall amounts from prog-

nostic mean monthly 700-millibar charts.

(Height differences are expressed in tens of

feet.)

(1) W = 0.034A-0.01B

where W= Oahu-—Wet
A = difference from normal 700-

mb. height at 42°N-l63°W
B = difference from normal 700-

mb. height at 20°N-l60°W

(2) D = 0.02C-0.04E

where D = Oahu—Dry

C = difference from normal 700-

mb. height at 49°N-163°W
E = difference from normal 700-

mb. height at 22°N-l63°W

When the Oahu-wet and Oahu-dry indices

have been computed, an individual station

can be estimated as follows:

(3) t =^D+Ra-23 (W-D)
® 89

where t =^the expected standard depar-

ture from normal (units of one

standard deviation) of the rain-

fall for a given station, and

Ra = the mean annual rainfall of the

station.

The constants 23 and 89 are, respectively, the

rounded mean annual dry-index and wet-

index-dry-index differences as determined

from Table 1.

Some stations, such as Hilo, which may

not fit into the wet- and dry-index system of

classification should not be estimated by

means of formula 3. The formula used for

Hilo is (4) tH = 0.04F

where tn^the expected standard depar-

ture from normal of Hilo rain-

fall, and

F = the difference from normal

700-mb. height at 37°N -

163°W.
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The Taxonomy of the Salpidae (Tunicata) of the

Central Pacific Ocean i

James L. Yount

INTRODUCTION

Knowledge of the salps of the central

Pacific Ocean is scanty as heretofore they

have been studied only in conjunction with

extensive collections
^
such as those of the

"Challenger” and "Albatross” (Herdman,

1888; Metcalf, 1918), from large areas. The

present paper, which is limited to a discussion

of taxonomy and morphology, is based on

large collections that have recently become

available. A further report on distribution and

ecology is in preparation.

Although much of the present paper is of

necessity similar to previously published

work, especially those portions describing

muscle arrangement, the descriptions are

based on original study unless otherwise

stated. A new method of study for salps, also

applicable to many other planktonic animals,

was used and is here described.

Species of the genus Salpa were arranged

into a number of related subgenera by Met-

calf (I9 I 8 ) as follows: Cyclosalpa, Brooksia,

Apsteinia, Salpa, Rifferia, Thetys, Pegea, Traus-

tedtia, Thalia, and lash. Some of these names

originated with earlier investigators. Because

^ Contribution No. 53, Hawaii Marine Laboratory.

A portion of a thesis submitted to the Department of

Zoology and Entomology, University of Hawaii, in

partial fulfillment of the requirements for the degree

of Doctor of Philosophy, Manuscript received August
6

, 1953.

of prior usage, it was necessary to replace

Ritteria by Ritteriella, and Apsteinia by Ihlea,

which he did in 1919. All these subgenera

were raised to the rank of genera by Ihle and

Ihle-Landenberg (1933), who at the same

time added the genus Metcalfina for Salpa

hexagona Quoy and Gaimard, 1824. This

classification is in general use today and is

followed here, with the addition of the genera

Helkosalpa (Todaro, 1902) for Cyclosalpa vir-

gula Vogt, 1854, and C. komaii Ihle and Ihle-

Landenberg, 1936
,
and Weelia gen. nov., for

Salpa cyltndfka Cuvier, 1804. In addition, the

subfamilies Cyclosalpinae and Salpinae are

newly recognized here.

References included in the specific synon-

omies are as inclusive as possible since 1912.

Additional citations prior to that date are

given in detail by Ihle (1912). Only a few of

the older reports (previous to 1893) have been

examined, thus all citations in the synonymies

previous to 1912 have been taken from Ihle

unless stated otherwise.
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MATERIALS AND METHODS

The animals used were taken from a large

series of plankton captures made by POFI
(principally from cruise 5 of the "Hugh M.
Smith”). The area of capture extended from

27°N. to 5°S. and from 176°W. to 155°W.

The animals were studied by staining with

toluidin blue. Apparently the idea of staining

the animals has not been used by anyone

previous to this report except Berner (1954),

who used rose bengal.

Salps cannot be advantageously stained in

an alcoholic stain, as alcohol dehydrates the

test. Some water-soluble stains (such as rose

bengal) were found to be rather effective, but

they did not result in good differentiation

between test and other body structures. P. B.

van Weel suggested the use of toluidin blue,

which he had used on salps as a vital stain

and which, he had found, differentiated be-

tween body tissues and test of the living

animal. It has proved a most important con-

tribution to this study.

Toluidin blue can be mixed in any water

medium, whether it contains formalin, is

salty, or is fresh. The dry stain was sprinkled

into the fluid until the latter became a deep

blue or purple color. The most satisfactory

strength is 0.15 gram stain to 500 cubic cen-

timeters water. The animal was placed in the

stain from 5 to 30 minutes. While it was in

the stain, a small pipette or hypodermic needle

was used to inject stain through the mouth

or cloacal opening in order to stain body

tissues; this is an essential step of the staining

process. When body muscles and other in-

ternal organs became rather dark, the animal

was washed in a vessel containing clear water

to remove excess stain. It was then ready for

study, best done with a white background,

but a black background or even removal from

the water may be useful. There are, however,

two disadvantages to the use of the stain:

(1) it is not permanent in the preservative,

and (2) the natural coloration of the animal

becomes obscured. The many advantages of

the stain, however, greatly outweigh these

disadvantages.

Some salps, such as the solitary forms of

C. hakeri, C. floridana, and H. komaii, require

a different method than the one just de-

scribed. In the first two species, the muscles

are so delicate that they do not stain well at

the usual concentration; in the latter species

the test absorbs stain heavily, thereby ob-

scuring structures beneath it. The animals

were placed in clear water, not in the stain.

Then a stain of 1 gram to 500 cubic centi-

meters of water was injected slowly into the

body cavity until it was completely filled,

and left until the muscles became dark. In

this way, the test is not stained, but the body

structures are.

Toluidin blue differentiates by staining the

test pink and the body tissues varying degrees

of blue. Thus the test and various organs of

the body become completely visible and yet

retain their transparency to a large degree.

Stiasny (1926) reported that the test is use-

ful in combination with other structures, es-

pecially muscles, for distinguishing species.

However, extensive examination ofthe stained

tests shows that in the aggregate form there

is often no basic type of test. It is apparently

not as useful as he thought, as I found great

variation in test structure of both solitary and

aggregate forms.
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In many species, the presence of depressions

and elevations is entirely accidental, due prob-

ably to the convulsive contractions of the

muscles at death. In my opinion the presence

of elevations and depressions in a soft test

(with the exception of distinct ridges and

grooves) is in general without value as a

character for species determination. There do

seem to be a few exceptions, however, i.e.,

Pegea confoederata and Ritteriella amboinensis

agg-

The asymmetric nature of aggregate indi-

viduals of salps is shown not only in the

arrangement of muscles, attachment organs,

and end projections but also in the sculpture

of the test when it is stiff and has permanent

structures (Stiasny, 1926; Ihle, 1937-39).

In some species, such as Thalia democratica^

there are two basic body forms: one has a

relatively thick test, prominent ridges and

grooves, and wide muscle bands; the other

has a thin test, ridges weak or absent, non-

permanent elevations and depressions, and

narrow muscles.

Van Beneden and de Selys-Longchamps

(1913) {fide Stiasny, 1926) and Stiasny showed

that there had been entirely too much reliance

on muscle arrangement for differentiating the

various species. Nevertheless, muscle arrange-

ment is one of the most important recogni-

tion features. In order to determine some

species, however, it must be combined with

other features.

MORPHOLOGY

With the exception of Traustedt (1885),

Brooks (1893), van Beneden and de Selys-

Longchamps ( 1913 ) {fide Brien, 1948), and

Stiasny (1919, 1926), all investigators have

described the test only incidentally, their work

being primarily concerned with the muscular

arrangements of the various species. The only

considerable contribution to the knowledge

of test structure was made by Stiasny (1926).

As he showed, the great difficulty encountered

in the study of the test is its almost complete

agreement in refractive index with water.

Some salps have tests with ridges and grooves

that can be seen under water, but the test of

most shows little or no opacity. Hence, almost

all investigators have completely disregarded

the test in their researches. Traustedt (1885)

and Brooks (1893) described the test in a

few species, and Brooks recognized a basic

plan in the test that fits some salps, especially

the solitary forms. This plan was named
Brooks’ rule (Regel von Brooks) by Stiasny

(1926), and he applied it to many forms. Sti-

asny also clarified the rule and stated it as

follows

:

. . . finden wir regelmassig in der Mitte der

Dorsalseite eine (tiefe) Langsfurche, beiderseits

begrenzt von vorspringenden kiel-annlichen

Kanten, an den seiten des Mantels vorsprin-

gende scharfe Kanten oder Fliigelartige Ver-

breiterungen; auf der Ventralseite ist die Testa

dick, mit einem medianen und 2 lateralen

Kielen.

Stiasny also set up a scheme of nomencla-

ture for test structure which is followed here

although some ofhis terms have been changed.

The result is a combination of his terms, of

those used by Delage and Herouard (1898),

and some additions. It is believed that the

terminology used here is both clearer in mean-

ing and easier for use in descriptions. The

resulting scheme is shown in Figure 1.

The following terms are used to describe

the test:

test~thQ outer tunic or covering over the

epidermis

mantle—the epidermis and associated tissues;

the term does not refer to the test

ridge— 2̂ distinct elongate bulge, triangular in

cross section

groove— 2. distinct elongate, angular invagina-

tion

elevation— a rounded, elongate bulge

depression— 2. rounded, elongate invagination

swelling— 2. prominent, nonelongate, rounded

bulge

cavity— 2X\g concavity of the internal surface

of the test



Pacific Salpidae— YoUNT 279

Fig. 1. Scheme of the test of a solitary form, a, End aspect (after Stiasny, 1926); b, lateral aspect (modified

after Delage and Herouard, 1898). ch. Chin; d, cloacal opening; dl, dorsal lip; did, dorsal longitudinal depression;

dir, dorsal limiting ridge; ep, end projections; gs, gut swelling; Ir, lateral ridge; m, mouth; mvr, midventral ridge;

vl, ventral lip; vlr, ventrolateral ridge.

chin—the swelling on the ventral anterior sur-

face below the ventral lip

spine— 2. small, conical protrusion beyond the

test margin

projection— dL large protrusion of the test; it is

never filamentous but may contain a man-

tle projection

tentacle— 2. filamentous protrusion of the test;

it usually contains a mantle projection

sucker— 2. disc-like enlargement at the end of

the mantle (epithelial) tube in the projec-

tions of some forms (e.g., Thalia democratica,

sol.)

Furthermore, when the terms "ridge,”

"groove,” etc., are used, they always refer to

longitudinal ridges and grooves unless stated

otherwise.

The general morphology of salps is schem-

atized in Figure 2 to identify structures in the

remaining figures. Body muscles are desig-

nated by Roman numerals from anterior to

posterior (M III = body muscle three), where-

as mouth and cloacal muscles are designated

by letters (A, B, C, and x, y, z, respectively).

This notation follows that set up by Streiff

(1908) as used by Ihle (1935, 1937-39), ex-

cept cloacal muscles are denoted by lower-

case letters to avoid confusion with body

muscles.

In addition to those listed in Figures 1 and

2
,
the following abbreviations are used in the

other figures: ant, Anterior; bl.f, blood-form-

ing organ; bm, "baumformiger Fortsfee”;

bv, blood vessel; cirpr, circular projection;

cl.fl, cloacal flap; cr, crest (dorsal limiting

ridge); die, dorsal limiting elevation; dip,

dorsolateral projection (atrial palp); d.ten,

dorsal tentacle; el.c, elaeoblast cavity; em, em-

bryo; /, fold in bottom of pharynx; hft, at-

tachment organ; ho, hook; in, independent

muscle; lo, light organ; Ipp, lateral posterior

projection; mdr, middorsal ridge; mvp, mid-

ventral projection; ob.gr, oblique groove; ob.r,

oblique ridge; pa, test patch; ped, peduncle;

pl.pr, posterolateral projection (tentacle); pr,

posterior ridge; R, right side; rec, rectum; sn,

snout; St.at, attachment organ; st.op, opening

for stolon; tes, testis; tr.d, transverse depres-

sion; vie, ventrolateral elevation; vlp, ventro-

lateral projection; vr, ventral ridge.

Most drawings in this paper do not show

oral or cloacal muscles, as these are small and

difficult to place correctly in a drawing of the

whole animal. They are described and figured

for most species by Streiff (1908), Metcalf

(1918), Ihle (1935, 1937-39), and Thompson

(1948).

It is probable that further study will show

that the attachment organs are of considerable

taxonomic importance. They are only inci-

dentally described in this paper.
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Fig. 2. Schematic median section of a solitary salp

(after Ihle, 1935). A, Velum muscle; an, anus; B, lip

muscle; bl, blind sac (caecum of gut); BM, body
muscles; C, bow (intermediate) muscle; eg, ciliated

groove (dorsal tubercle); cl, cloaca and its opening;

e, eye; el, elaeoblast; end, endostyle; g, gut (intestine);

gb, gill bar; gn, ganglion; h, heart; m, mouth; oe,

esophagus; ph, pharynx; pi, placenta; pp, peripharyn-

geal band; st, stolon; x, first cloacal muscle; y, second

cloacal muscle; z, third cloacal muscle (composed of

a series of small sphincters).

KEY TO WORLD SPECIES AND REPRODUCTIVE

FORMS OF SALPIDAE

1. Gonads present; stolon absent; eggs or

embryos usually present aggregate

(gregarious) form 2

Gonads absent; stolon usually present;

eggs and embryos absent solitary

(oozooid, asexual) form 22

2(1). Intestine straight, anteriorly directed;

one light organ present laterally between

M II-III (there may be another between

M III-IV) Cyclosalpa pinnata

Intestine neither straight nor anteriorly

directed; no light organ present. ..... 3

3(2). Two posterior projections present,

containing testis and a caecum, respec-

tively Cyclosalpa bakeri

One or no posterior projection present . 4

4(3). Testis spherical . Helicosalpa komaii

Testis not spherical 5

5 (4). Posterior appendage containing testis

present 6

Posterior appendage containing testis

not present 7

6(5). Testis projects dorsolaterally within

posterior test projection .............

Helicosalpa virgula

Testis projects ventroposteriorly within

posterior swelling

. Cyclosalpa floridana

7(5). Gut forms a broad loop with central

space empty; a peduncle present

Cyclosalpa affinis

Gut either tightly looped or with central

space filled; peduncle absent 8

8(7). Some body muscles form complete

rings 9

No body muscles form complete rings

10

9(8). Body muscles fused into a single unit

dorsally and ventrally

Brooksia rostrata

Body muscles not fused into a single

dorsal and ventral unit; however, M II

and III are rings. . .Ihlea magalhanica

10(8). All body muscles interrupted dorsally

Thetys vagina

Some or all body muscles continuous

dorsally 11

11(10). M I interrupted dorsally

lasis zonaria

M I continuous dorsally 12

12(11). Four symmetrical attachment organs

project from each side of body

Pegea confoederata

Attachment organs either asymmetrical

or not projecting beyond test outline . 1

3

13(12). One elongate tentacle projects pos-

teriorly from each lateroposterior angle

of body . Traustedtia multitentaculata

No elongate tentacle as above (short

attachment organs may project laterally

from the posterior region of Thalia dem-

ocratica agg.) 14

14(13). Ventral lip sphincter 4(Mb3) inter-

rupted Salpa fusiformis

Ventral lip sphincter 4 continuous, if

present 15

15(14). Muscles arranged in groups of 3 and

2 dorsally .16
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Muscles arranged in groups of 4 and 2,

4 only or 2 only dorsally 18

16(15). Gut within a broad pointed or round-

ed median posterior projection; ciliated

groove bears a ventral languet 17

Posterior projection not containing gut;

ciliated groove without languet

Weelia cylindrica

17(16). M III is formed of 8 or 9 fibers

(Apstein, 1906^) . . Thalia longicauda

M III is formed of 3 fibers (Apstein,

1906^) Thalia democratica

18(15). M II extends beyond endostyle to

between M V-VI of opposite side

Ihlea punctata

Mil not as above 19

19(18). Posterior projection extends beyond

cloacal opening. 20

Posterior projection does not extend be-

yond cloacal opening

Metcalfina hexagona

20(19). Independent muscle small, incon-

spicuous; M I-II narrowly fused dor-

sally; spaces between transverse ribs of

gill bar less than 0.5 width of bar

Salpa maxima

Independent muscle large, conspicuous;

M I-II widely fused dorsally; spaces

between transverse ribs of gill bar greater

than 0.5 width of bar 21

21(20). Dorsal lip sphincter 1 (M Ai) in-

terrupted middorsally

Ritteriella picteti

Dorsal lip sphincter 1 continuous mid-

dorsally Ritteriella amboinensis

22(1). Intestine accompanies gill bar. . . .23

Intestine does not accompany gill bar

28

23(22). Ventral longitudinal muscle present

24

Ventral longitudinal muscle absent. .25

24(23). A single dorsal longitudinal muscle

present, connecting M I with M x on

each side Helicosalpa komaii

Two dorsal longitudinal muscles pres-

ent, connecting M I with M VI on each

side Helicosalpa virgula

25(23). M I-IV fused ventrally into a single

mass Cyclosalpa floridana

M I-IV not fused ventrally 26

26(25). Three to five light organs present on

each side of body 27

Not more than one light organ present

on each side of body . Cyclosalpa affinis

27(26). M VI forming 2 anteriorly directed

dorsal longitudinal muscles

Cyclosalpa bakeri

M VI forming one fused, anteriorly di-

rected dorsal longitudinal muscle, or

none Cyclosalpa pinnata

28(22). A muscular snout projects anteriorly

beyond mouth opening

. Brooksia rostrata

No muscular snout projects anteriorly

29

29(28). Body muscles interrupted dorsally

30

Body muscles continuous dorsally. .31

30(29). A long projection extending poste-

riorly from both posterolateral angles of

body; test spiny Thetys vagina

No such projections present; test smooth

lasis 2onaria

31(29). Some body muscles form complete

rings 32

All body muscles interrupted ventrally

36

32(31). Longitudinal muscles present on

each side of body, internal to body

muscles Ihlea punctata

Longitudinal muscles absent 33

33(32). A long projection extending poste-

riorly from each posterolateral surface of

body 34

No such projections present 35

34(33). M I-III and IV-V forming groups

dorsally Thalia democratica
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All body muscles separate, parallel (Trau-

stedt, 1885) Thalia longicauda

35(33). Not more than first four body mus-

cles forming complete rings

Ritteriella amboinensis

M I-VI forming complete rings (Thomp-

son, 1948) Ihlea magalhanica

36(31). Intestine straight, extended poste-

riorly Ritteriella picteti

Intestine coiled, not extended 37

37(36). Projections of test or tentacles ex-

tending beyond body outline 38

No projections of test extending beyond

body outline 39

38(37). Two posterior projections present;

9 to 13 body muscles present, asym-

metrical Metcalfina hexagona

No posterior projections but with two

to many tentacles; body muscles few

(5), symmetrical

Traustedtia multitentaculata

39(37). Four body muscles present

Pegea confoederata

More than 4 body muscles present. .40

40(39). Elaeoblast or its cavity present in

mature specimens; ciliated groove form-

ing a loop Salpa maxima

Elaeoblast present only in embryos;

ciliated groove simple in immature spec-

imens 41

41(40). M I“IV converging to form a group

Weelia cylindrica

M I-III and VIII-x converging, or are

parallel Salpa fusiformis

Family SALPIDAE

The definition of the family by Ihle (1935)

is followed here chiefly.

Planktonic Thaliacea with main body axis

longitudinal, covered with a transparent test.

Mouth opening anterior, cloacal opening pos-

terior, dorsal or terminal. Body musculature

consists of usually ventrally interrupted mus-

cles but may include complete rings or dor-

sally interrupted muscles as well. Special

mouth and cloacal musculature present.

Pharyngeal and cloacal cavities separated by
a "gill bar” lying between two large gill slits;

gill bar extending from anterodorsal surface

to esophagus located posteroventrally. An
alternation of generations exists between the

sexual blastozooid (aggregate or gregarious

form) and the asexual oozooid (solitary form).

The oozooid bears ventrally a proliferating

stolon on which the blastozooids arise. The
blastozooid produces one or several embryos

on the cloacal wall which become oozooids.

The family Salpidae consists of two distinct

groups of genera. I propose to give these

groups the status of subfamily: the Cyclosal-

pinae including Cyclosalpa and Helkosalpa, the

former being the type genus, and the Salpinae

including all other genera of the Salpidae,

Salpa being the type genus.

CYCLOSALPINAE subfam. nov.

The subfamily Cyclosalpinae may be dis-

tinguished by the following characteristics:

(1) in the solitary form, the intestine accom-

panies the gill forward, being united with it

over most of its length; (2) there are light

organs present in all solitary forms except

C affinis, and here one is probably present

(see description); (3) in the aggregate form,

the gut is either an extended tube or a loosely

formed loop, never a compact "nucleus”;

(4) the aggretate forms are attached by a

single peduncle or by a single large attach-

ment process.

Genus Cyclosalpa Blainville, 1827

Solitary form with six body muscles, gre-

garious form with four. In the solitary formt

longitudinal muscles absent or, if present, no,

continuous with M I. Intestine coursing ob-

liquely with gill bar in the solitary form, but

not forming a rectum. Intestine either straight

or forming an open circle in the aggregate

form. Only one attachment organ, the pe-
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duncle, present in the aggregate form. Body

muscles penetrating into peduncle. Groups of

blastozooids forming whorls on stolon.

Four species: Cyclosalpa pinnata (type), C.

affiniSy C. floridana, and C. bakeri.

Cyclosalpa pinnata (Forskal) 1775

Fig. 'ia-d

Salpa pinnata Forskal, 1775: 113.

Biphora pinnata Bruguiere, 1789: 180.

Salpa pelasgica [.?] Bose, 1802: 181.

Salpa cristata Cuvier, 1804: 366.

Salpa thalia [.^] Lamarck, 1816: 119.

Salpa caudata [.^] Lamarck, 1816: 119.

Salpa {Cyclosalpa) pinnataB\dmC\l\^, 1827: 108;

Metcalf, 1918: 9; Sewell, 1926: 68; Stiasny,

1926: 414.

Salpa cyanea [.^] Chiaje, 1828: 63.

Salpa prohoscidalis Lesson, 1830: 95.

Salpa mucosa [?] Costa, 1839: 225.

Orthocoela pinnata Macdonald, 1864: 181.

Cyclosalpa pinnata Herdman, 1888: 87; Ihle,

1935: 527-529; Tokioka, 1937: 219;

Thompson, 1948: 103.

Cyclosalpa polae Sigl, 1912^.' 66; \9\2b {fide

Ihle and Ihle-Landenberg, 1937); Fedele,

1926, 1933 {fide Ihle and Ihle-Landenberg,

1937); Ihle and Ihle-Landenberg, 1937: 1.

Cyclosalpa bakeri Bomiosd, 1913: 243.

[non] Cyclosalpa bakeri Ritter, 1905 : 54.

Salpa {Cyclosalpa) pinnata polae Metcalf, I9I8:

26; Sewell, 1926: 68; Komai, 1932: 69.

Cyclosalpa pinnata polae Ihle, 1935: ^21-^29.

Cyclosalpa pinnata var. polae Tokioka, 1937:

220.

SOLITARY form: Four specimens examined

with length range of 4-12 mm. (Fig. ')c,d).

Best: Rather thin, glutinous, without definite

elevations or depressions. Median dorsal ridge

described by Stiasny (1926) absent as are

anterior "ventral languets" shown by Met-

calf (I9I8). Muscles: Six body muscles, each

interrupted dorsally and ventrally; oral mus-

cles touching M 1. Ciliated groove: An arched

U in dorsal view, but may be sinuous or con-

voluted according to various investigators.

Fig. 3. Cyclosalpa pinnata. a. Aggregate form, left

dorsal side; b, aggregate form, right dorsal side; c, sol-

itary form, left side; d, solitary form, ventral view of

cloacal region.

Viscera: Esophagus opening between M VI

and X on right side, connecting to intestine

which accompanies gill antero-obliquely; at

junction of intestine and esophagus, two

caeca projecting posteriorly, the left one al-

most twice the length of the right one; light

organs four on each side, between muscle

bands II-x (five according to most investi-

gators, but Sewell, 1926, found only four

—

none between I-II—and this is also true of

POFI specimens).

AGGREGATE FORM: Four specimens ex-

amined with length range of 11-31 mm.
(Fig. ')ap). Best: Thin and flabby, far sep-

arated from mantle except at region of mouth

and cloacal openings; glutinous; no definite
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elevations or depressions; peduncle long in

small {C. p
.

polae?) specimens (Fig. 3^), much
shorter in largest specimen (Fig. 3^). Muscles:

Four body muscles; M I-II fused dorsally,

III, IV, and X approaching or fusing dorsally;

mouth muscles joining M I; bow muscles

(C) forming anterior peduncle muscles on

each side, M I and II fusing ventrolaterally

to form posterior peduncle muscles. Thus,

a total of four peduncle muscles present.

Ciliated groove: Simple or U-shaped, located

vertically. Viscera: Esophagus opening at level

of junction of M III-IV-x; a single, pos-

teriorly directed caecum, intestine coursing

anteriorly beneath endostyle, anus opening

at region of M II-III, but in larger specimen

at region of M I; testis prominent, longi-

tudinally plicated, arising at junction of eso-

phagus and intestine, accompanying intestine

anteriorly, opening by small duct slightly pos-

terior to anus; embryo near M III or between

M III-IV dorsally; one light organ on each

side between M II and III— there may be two,

as shown in Fig. 3^ and as shown by Ihle

(1910), Komai (1932), and Tokioka (1937);

examples previously described with two pairs

of light organs, as the present specimen, al-

ways large (length of specimen, 28 mm.), so

this condition probably due to age.

The form (species, subspecies, variety) polae

has been distinguished from C. pinnata chiefly

by the following characteristics in the gre-

garious form (Ihle and Ihle-Landenberg,

1937); length of body, length of peduncle,

relationships ofM III and IV dorsally, shape

of ciliated groove, eye, caecum (blind sac),

and position of anus. There are evidences,

however, chiefly from Sewell (1926), that this

form is not distinct from C. pinnata. The

separation dorsally of M III and IV is found

in C. pinnata as well as in animals fitting the

description of C. polae (Metcalf, 1918; Sewell,

1926; Komai, 1932). The ciliated groove in-

tergrades between the form polae and the type

(Sewell, 1926). The solitary form of C. polae

is distinguished (Sigl, 1912^) by the middorsal

fusion of the two M VI and their continuance

as a band forward. This character apparently

intergrades but should receive further study.

Sewell (1926) stated;

Had I been dealing solely with examples of

the aggregated zooid I should have had no
hesitation in referring this form to the sub-

species polae but, as I have already shown, the

asexual generation [of the Indian form} must
be referred to C. pinnata. It is impossible,

therefore, to distinguish Cyclosalpa polae from
C. pinnata even as a sub-species, and much
less, as Sigl originally claimed, as a species.

Ihle and Ihle-Landenberg (1937), however,

critically studied specimens of the aggregate

zooid of both forms and concluded that the

two forms should be considered distinct spe-

cies, as Sigl (1912^^) had regarded them.

I have had only typical specimens of the

solitary zooid of C pinnata and thus can add

nothing which might help settle this problem.

The aggregate zooids of the POFI collections,

however, show intergradation in the dorsal

separation of M III-IV and structure of the

ciliated groove. Tentatively, I follow Thomp-
son (1948) in regarding the form polae as

simply showing differences attributable to

changes occurring with increasing size and

believe that its recognition as a subspecies

or species is probably not justified. Doubtless,

the answer to the problem lies in a study of

various-sized solitary forms.

An embryo was found in a collection con-

taining aggregate forms that fit the descrip-

tion of C. polae (Fig. 3^). This embryo, how-

ever, is evidently a typical C. pinnata as the

two M VI do not fuse dorsally. It was not

attached to its mother, so I cannot relate it

directly to the form polae.

Cyclosalpa afiinis (Chamisso) 1819

Fig. A a, h

Salpa ajjinis Chamisso, 1819: IT

Cyclosalpa affinis Blainville, 1827
[ fide Ritter,

1905]; Ihle, 1935: 527-529; Tokioka, 1937:

221; Thompson 1948: 108.

Salpa pinnata var. [.^JQuoy and Gaimard,

1834: 582.
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Salpa chamissonis Brooks, 1893: 376.

Salpa {Cyclosalpa) affinis Apstein, 1894^.* 4;

Metcalf, 1918: 27; Sewell, 1926: 74; Ko-

mai, 1932: 70.

SOLITARY FORM: One specimen examined

with length of 54 mm. (Fig. Aa). Test: Thin,

glutinous, attached at mouth and cloacal

opening; no definite elevations or depres-

sions. Muscles: Six body muscles: M I and

II interrupted dorsally and ventrally, M III-

VI interrupted ventrally, continuous dorsally;

X sending one branch anteriorly (broken in

this specimen) which is continuous with pos-

terior branch ofM VI; x continuing far ven-

trally; X and y converging laterally but not

touching; M I
joining mouth muscles. Ciliated

groove^ ganglion and eye: Ganglion and eye

anterior to M I, just above anus; ciliated

groove far anterior to them, highly convo-

luted. Viscera: Esophagus forming a spiral at

ventral level ofM VI and x; a single posterior

caecum (actually double, appearing single,

according to Komai, 1932) connecting to in-

testine which courses antero-obliquely with

gill; anus opening just anterior to M I; gill

ending anterior to M C; a large oval body

located on each side between M IV and V.

It is conspicuous with stain and probably

is a light organ (this is not mentioned in past

descriptions).

AGGREGATE FORM: Three specimens ex-

amined with length range of 18-33 mm. (Fig.

Ah). Test: Closely attached at mouth, cloacal

opening, on peduncle and intestine (Metcalf,

1918, figures it as very loose on latter two

structures); test with no definite elevations

or depressions, glutinous, thin, may be far

separated from mantle; peduncle short, broad.

Muscles: Four body muscles; all interrupted

ventrally, continuous dorsally and separated

from one another except IV and x; M I

joining with mouth muscles; M C forming

anterior peduncle muscles, posterior peduncle

muscles independent; total of four muscles

in peduncle, two anterior and two posterior;

M I sending off two anterior branches; x and

285

Fig. 4. Cyclosalpa affints. a, Solitary form, left side;

h, aggregate from, right side.



286 PACIFIC SCIENCE, Vol. VIII, July, 1954

y connected by a laterodorsal branch. Ciliated

groove: Anterior to M I, highly convoluted.

Viscera: Gut a large open loop, forming a

posteroventral evagination beyond body out-

line; testis contained in gut loop; embryo on
right side between M III and IV; no light

organs.

Cyclosalpa floridana (Apstein) 1894

Fig. 5^, b

Cyclosalpa dolicosoma-virgulaTr2cu.stQ^t, 1893: 5.

[non] Salpa virgida Vogt, 1854: 11.

Salpa floridana Apstein, 1894^.' 9.

Cyclosalpa floridana Brooks, 1908: 75 \flde Se-

well, 1926]; Ihle, 1935: 527-529; Ihle and

Ihle-Landenberg, 1935: 21; Thompson,

1948: 111.

Fig. 5. Cydosalpa floridana. a. Solitary form, dorsal

surface; b, aggregate form, left side (modified after

Metcalf, 1918).

Salpa {Cyclosalpa) floridana Metcalf, 1918: 32;

Sewell, 1926: 72.

[non] Cyclosalpa floridana Apstein 1906^; 248;

1906A 162.

SOLITARY FORM: One specimen examined

with length of 8 mm. (Fig. ‘ya). Test: Rather

thick, glutinous; with no definite elevations

or depressions; rather far separated from man-

tle; attached at mouth and cloacal opening.

Muscles: All six interrupted dorsally, ventrally

continuous and fused into a single mass; M
I-II joining dorsally; M I joining mouth
muscles. Ciliated groove: Simple crescent with

points turned ventrally. Viscera: Esophagus

joins intestine ventrally at level of M VI;

single, ventral caecum projecting from point

where intestine courses antero-obliquely with

gill; anus opening at level of M II (Metcalf

shows this anterior to M I just under gan-

glion); light organs patchy masses of cells

between the following muscles on each side:

II-III-IV-V-VI.

AGGREGATE FORM: Two Specimens exam-

ined, with lengths of 2.5 and 4 mm.
As both POEI specimens are in very poor

condition, the following description is based

on Metcalf, as is the figure (Pig. 5^). Test:

Thin, far separated from body except at

mouth and cloacal openings; forming a large

bulge or swelling posteroventrally for testis

and gut. Muscles: Three body muscles; M I

joining mouth muscles and, with M C, form-

ing peduncle muscles; M I-II and III-IV-x

converging dorsally; M III-IV-x joining

dorsally, converging ventrally; all muscles

continuous dorsally and ventrally; x joining

y by a bridle piece which extends over gut.

Ciliated groove: Simple crescent. Viscera: In-

testine forming a close loop, anus opening on

left behind esophageal opening; testis large,

projecting posteroventrally from gut; embryo

located between M IV and x laterally.

Cyclosalpa bakeri Ritter (1905)

Fig. Ga-c

Cyclosalpa bakeri Ritter, 1905: 54; Ihle, 1935:
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527-529; Thompson, 1948: 114; Tokioka,

1951: 183.

Cydosalpa floridana Apstein, 1906^; 248;

1906A 162.

[non] Salpa floridana Apstein, 1894^’.' 9-

Salpa {Cydosalpa) Metcalf, 1918: 37.

SOLITARY form: One specimen examined

with length of 34 mm. (Fig. 6^, h). Test: Thin,

flabby, glutinous; closely attached to mantle;

no definite elevations or depressions; pear-

shaped with posterior end smallest. (This does

not agree with the figure of Metcalf, which

shows the test far separated from the mantle.)

Musdes: Six body muscles, of which M I joins

mouth muscles laterally and ventrally; all

body muscles and x dorsally interrupted (Rit-

ter, 1905, and Metcalf, 1918, say that x is

sometimes complete dorsally), all except x

ventrally interrupted (the above-named au-

thors say that x is also ventrally interrupted)

;

ventrally, y fusing with its fellow of the op-

posite side, extending shortly anteriorly be-

tween the gut caeca; dorsally M VI extending

anteriorly almost to level ofM II (to level of

M IV according to Ritter and Metcalf); left

and right anterior dorsal extensions of M VI

remaining distinct. Ciliated groove
,
ganglion and

eye: Ciliated groove forming an open U with

left horn extended farther anteriorly; ganglion

and eye just anterior to M I. Viscera: Eso-

phagus opening at region of M VI ventrally;

intestine accompanying gill antero-obliquely,

anus opening behind eye level; two equally

long, laterally compressed caeca projecting

posteriorly; stolon held within a mantle tube

which opens at level of M I-II; light organs

large and distinct, four on one side, three on

other in POFI specimen; each located laterally

over a body muscle (previous reports show

five large light organs and one small anterior

one, between body muscles).

This animal most closely resembles thepolae

form of Cydosalpa pinnata (according to the

description of Sigl, 1912^?, and the statement

of Thompson, 1948). It can be distinguished

from that form by the nonfusion of the two

M VI dorsally, and by the fact that in C
hakeri the caeca are of equal length, whereas

in C pinnata they are unequal.

AGGREGATE FORM: Eight Specimens exam-

ined with length range of 7-9 mm. (Fig. 6c).

Test: No definite elevations or depressions;

flabby, thin except around posterior projec-

tions; either closely applied or far separated

from mantle; attached at cloacal siphon and

mouth; two prominent posterior end projec-

tions of thicker test present; the whorl of

2ooids released from the stolon covered by

an outer coat of test, including seven zooids

both in my specimens and in Thompson’s

figure (1948, pi. 42). Musdes: Two main mus-

cle groups dorsally; each dividing laterally

into several branches; anterior group joining

mouth muscles; peduncle muscles three on

each side, anterior one from M C, lateral one

from M I-II, and a short posterior one from

M III which extends anteroventrally toward

peduncle; muscles of posterior muscle mass

continuous ventrally; muscle structure asym-

metric. Ciliated groove, ganglion and eye: All

anterior to M I; ciliated groove forming a

crescent rather far anterior to ganglion and

Fig. 6. Cydosalpa hakeri. a. Solitary form, dorsal

aspect; b, solitary form, ventral aspect {a and b schem-

atic; length of animal, 34 mm.); c, aggregate form, left

side.
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eye; latter just in front of M I, prominent.

Viscera: Gut forming posterior loop at base

of posterior projections beyond body margin;

anus opening at esophageal level; testis oc-

cupying left posterior projection; a caecum

from the gut plus a smaller "problematic”

organ, considered by Metcalf to be probably

homologous with the same organ ( = blood-

forming organ) of Ritteriella, occupying the

right posterior projection; embryo located at

region of posterior muscle mass on right side.

Genus Helicosalpa Todaro, 1902

I have not seen the report of Todaro (1902)

establishing this genus. Ihle (1935) stated in

regard to Todaro’s report, "Dutch die starke

Enantiomorphie, dutch das Eehlen einer ring-

formigen Anordnung der Blastozooide in der

Kette und dutch die eigentiimlichen Haft-

Flachen weicht Cyclosalpa virgula^ (Vogt) so

bedeutend von den anderen Arten ab, dass

Todaro (1902) diese Art zur selbstandigen

Gattung Helicoslapa rechnete.” Ihle did not

follow this classification, considering the spe-

cies C. virgula to agree so closely with the

other cyclosalpas in muscle arrangement and

structure of gut that he thought it should not

be separated from them.

After careful examination of the species H.

virgula and H. komaii, however, I am of the

opinion that they are quite different from the

species of Cyclosalpa; thus I agree with Todaro

(1902). As Helicosalpa virgula was at that time

the only known species of the genus, it must

be considered the type.

The genus may now be characterized as

follows.

1.

There are two distinct gregarious forms

produced on the stolon, the dextral and the

sinistral individuals. Whorls are not produced

on the stolon. Mirror imagery is shown in the

arrangement of attachment organs, muscula-

ture, tentacle over the ciliated groove, the

ciliated groove, testis, and posterior projec-

tion {H. virgula), eye, mouth, and cloacal

siphon. Other variations in the two forms.

although not mirror imagery, are the position

of the testis and posterior projection (H.

komaii), embryo, gut, and anus ("primary

asymmetry” ofKomai, 1932; the mirror imag-

ery is called "secondary asymmetry” by him).

In a few other species of Salpidae (for ex-

ample, Brooksia rostrata and Ihlea punctata)

asymmetry occurs, but this apparently is sec-

ondary asymmetry.

2. There is no peduncle, only a blunt at-

tachment organ by which the gregarious

forms attach to the stolon. The body muscles

do not enter this process as do the peduncle

muscles of Cyclosalpa,

3. The solitary form possesses dorsal and

ventral longitudinal muscles which are con-

tinuous with M I; the dorsal longitudinal

muscles are paired {H. virgula) or united (H.

komaii). The ventral longitudinal muscles are

always paired; they are distinct from most

transverse muscles {H, virgula) or joined by

all transverse (body) muscles (if. komaii).

4. The anus of the solitary form is turned

widely posteriorly from the anterodorsal re-

gion of the gill bar, forming a rectum.

The nearest known relative of Helicosalpa

virgula and H. komaii is probably Cyclosalpa

bakeri. Metcalf (1918) included H. virgula and

C. bakeri in his group Cyclosalpae asymmetricales

but did not attain a phylogenetically accurate

division, stating: "The division of the sub-

genus into Cyclosalpae symmetricales and Cyclo-

salpae asymmetricales

,

while truly descriptive

of the existing conditions, does not represent

accurately degrees of relationship, for Cyclo-

salpa bakeri, an asymmetrical form, finds it

nearest relative in C. floridana, an aberrant

member of the group symmetricales."

The separation of H. virgula and H. komaii

into a separate genus is considered phylo-

genetically valid, distinguishing them from

the cyclosalpas.

Helicosalpa virgula (Vogt) 1854

Fig. la-d

Salpa virgula Vogt, 1854: 11.
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Salpa dolicosoma Todaro, 1883: 41.

Salpa dolkosoma-virgula Traustedt, 1885: 360.

Helkosalpa virgula Todaro, 1902: 405.

Cyclosalpa virgula Apstein, 1906Z?.’ 161; Ihle,

1935: 527-529; Ihle and Ihle-Landenberg,

1936: 274; Thompson, 1948: 118.

Salpa {Cyclosalpa) virgula Streiff, 1908; 15;

Metcalf, 1918: 43; Sewell, 1926: 73; Stiasny,

1926: 418.

[non] Cyclosalpa dolkosoma-virgula Traustedt,

1893.

[non] Salpa {Cyclosalpa) virgula Komai, 1932:

70.

SOLITARY form: One specimen examined

with length of I4l mm. (Fig. lap). Test: The

test of this specimen is relatively huge

compared with the body. Volumetric meas-

urements were made by water displacement:

the body measured 10 milliliters, whereas the

test measured 148 milliliters. This great dif-

ference in volume has not been reported be-

fore, thus perhaps it is only an anomaly. Test

globular, gelatinous, thick and flabby; slightly

glutinous; formed of an outer thin mem-
branous layer and a thick inner gelatinous

layer; loosely attached to the body by a few

fine strands of test tissue; without permanent

elevations or ridges. Posterior languets shown

by Metcalf (1918) not present in POFI spec-

imen, but a pair of short test projections

present at the cloacal region. Muscles: M I

and VI are continuous dorsally on each side,

forming two dorsal longitudinal muscles; M
I extending posteriorly on ventral surface

forming two ventral longitudinal muscles

that end at region of stolon extrusion; M V
interrupted dorsally, extending ventrally al-

most to stolon level as an anteriorly directed

longitudinal muscle, thus almost meeting the

posteriorly extended M I; M II, III, IV, and x

dorsally and ventrally interrupted; M I join-

ing mouth muscles. The close relationship of

this species and H. komaii is evident from the

similarity of muscle structure. It can easily be

distinguished from it, as H. virgula possesses

two dorsal longitudinal muscles rather than

Fig. 7. Helicosalpa virgula. a, solitary form, dorsal

aspect; b, solitary form, ventral aspect {a and b schem-

atic, not showing the test; length, I4l mm.); c, aggre-

gate form, sinistral individual from stolon, dorsal

aspect; d, aggregate form, dextral individual, dorsal

aspect (after Ihle, 1937-39, modified from Streiff,

1908 ).
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one, and the ventral longitudinal muscles of

H. virgula are not continuous (Streiff, 1908,

however, represented them as continuous).

In addition, the ventral ends of M II-IV

remain distinct from longitudinal muscles in

H. virgula. Ciliated groove, ganglion and eye:

Ciliated groove highly convoluted, located at

level of dorsoposterior extensions of M C;

ganglion and eye at level of dorsal longi-

tudinal muscles. Viscera: Gut large, bearing

two caeca; intestine extending obliquely with

gill, turning posteriorly at level ofM I; stolon

extruding from test at level of M III; six

light organs on each side between body mus-

cles from I to VI; additional small light organ

anterioj to M I (Streiff, 1908, Metcalf, 1918,

and Stiasny, 1926, show a single continuous

light organ extending from M I to M VI on

each side; the photograph by Thompson,

1948, also shows a continuous light organ on

each side; evidently, there is considerable va-

riation in their location and structure).

AGGREGATE FORM: Only stolonic indivi-

duals were studied with length of 3 mm.
(Figs. lc,d).

The aggregate forms of this species and

Helicosalpa komaii are the most asymmetric of

all the salps. The two types of aggregate

individuals that are produced, dextral and

sinistral, are described separately.

Dextral individual (Fig. id) : This has been

figured by Streiff (1908) and Metcalf (1918).

In addition, Streiff described the sinistral in-

dividual, but Metcalf apparently had only

dextral individuals for study. Test thick and

firm with a bulbous swelling, around elaeo-

blast and a large pointed projection contain-

ing part of gut and testis projecting dorso-

laterally toward anterior left side of body;

anus directed toward right; eye turned slightly

to right of mid-line of body, as is the cloacal

opening; four body muscles; x prominent,

encircling cloaca, separating the two parts of

M IV
;
dorsal tentacle projecting over ciliated

groove to left of and anterior to ganglion.

Sinistral individual (Fig. 7c) : Test similar to

above, except projection containing gut and

testis directed to right; anus directed toward

left; ganglion and eye slightly to left of mid-

line of body, as is cloacal opening; muscles

the mirror image of dextral individual; dorsal

tentacle over ciliated groove projecting an-

teriorly and slightly to right of ganglion.

Helicosalpa komaii
(Ihle and Ihle-Landenberg) 1936

Fig. 8rf-/

Salpa {Cyclosalpa) virgula Komai, 1932: 70.

[non] Salpa virgula Vogt, 1854: 11.

Cyclosalpa komaii Ihle and Ihle-Landenberg,

1936: 274; 1938A 609; Tokioka, 1937: 221.

Cyclosalpa virgula Eedele, 1937: 448, 525 {fide

Ihle and Ihle-Landenberg, 1938^).

[non] Salpa virgula Vogt, 1854: 11.

SOLITARY FORM: One specimen examined

with length of 94 mm. (Komai ’s specimen

was 230 mm. long, making this the largest

of all known salps.) (Fig. ^a-d.) Test: Thick,

flabby, strongly attached to mantle by nu-

merous fine strands of test material; a prom-

inent, nonserrated, middorsal ridge present

on anterior half of test; without other perma-

nent elevations or depressions; test composed

of a thin outer layer and a thicker inner

gelatinous layer; inner layer opaque (staining

makes it more opaque,^ so should be used

only with caution). Komai (1932) stated,

"The test is thin and soft.” I presume that he

examined only the outer surface, which ap-

pears without dissection to be thin and rather

far separated from the mantle by the inner

gelatinous layer. Muscles: Six body muscles;

X and y branched (Komai’s figure, 8c of this

report, shows y as a nonbranched muscle);

mouth musculature including the large M
C that approaches or touches M I dorso-

laterally, passes backward ventrally as the

ventral longitudinal muscle; two large sphinc-

ters of the dorsal lip (according to Komai,

one large posterior and three small anterior

ones) appearing to fuse laterally with two

sphincters of the ventral lip, then continuing

posteriorly as a dorsal retractor to the outside
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Fig. 8. Helkosalpa komaii. a. Solitary form, right side; b, solitary form, inside view of ventral cloacal region;

Cy solitary form (230 mm.), right side (after Komai, 1932); d, solitary form, posterior part of gut, right side

(blind sac 2 has been turned slightly dorsad); e, aggregate form (about 50 mm.), sinistral individual, right side;

/, aggregate form (about 70 mm.), dextral individual, right side, {e and /after Komai, 1932).

of M I, and as a ventral retractor which

courses with M C as part of the ventral longi-

tudinal muscle. Komai shows the dorsal re-

tractor muscle formed only by ventral lip

sphincters 1 and 2, the ventral retractor mus-

cle formed by ventral lip sphincter 3. The
specimen before me is rather mutilated an-

teriorly, so my description perhaps is wrong
in some details. M I-II continuing dorsally

as unpaired dorsal longitudinal muscle join-

ing x; X forming ventral longitudinal muscle

(paired) which receives contributions from

all body muscles as well as ventral retractor

and M C of mouth region; there is thus a

continuous rectangular muscle band which

includes parts of all the major muscles of this

animal. Ciliated groove, ganglion and eye: Cili-

ated groove highly convoluted, located an-

teriorly at level ofM C; ganglion and eye at

level of M I-II, just over rectum. Viscera:
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Intestine elongate, coursing obliquely dorsad

with gill, separating from it at level of M I

forming a prominent posterior bend (rectum)

;

forming two prominent caeca posteriorly

which project equally posteroventrally in the

POFI specimen, whereas Komai’s figure

shows one caecum projecting dorsoanteriorly,

the other posteroventrally; stolon passing an-

teriorly in sinuous course, turning posteriorly

just in front of M I (from Komai; the POFI
specimen has no stolon); light organ com-

posed of sparse masses of cells from M I-VI

on each side of body.

AGGREGATE FORM: As no Specimens of this

form have been examined, the description

follows those of Komai (1932) and Tokioka

(1937). Length range of known specimens

(Komai) 20-55 mm. without projections.

Dextral individual (Fig. 8/): Body ovoid,

texture soft; one long posterior projection

present; a cushion-shaped attachment organ

on left ventral surface; atrial opening dorsal,

tubular; musculature closely similar to that of

H. virgula; gut forming open U-shaped loop

at base of posterior projection; esophagus and

left ventral caecum directed anteriorly; in-

testine extending dorsally, rectum bending

anteriorly; small right caecum protruding to

the right; testis spherical, located posterior to

gut at base of posterior projection; a "whitish

core" extending from testis to rear of poste-

rior projection (considered by Komai prob-

ably homologous to the blood-forming organ

of Ritteriella); ciliated groove highly convo-

luted; a prominent horn-like process borne

dorsoanteriorly over ciliated groove,

Sinistral individual (Fig. 8^): Musculature

the mirror image of that of dextral individual;

attachment organ on right ventral surface;

horn-like projection over ciliated groove ex-

tending dorsally toward right; posterior pro-

jection short, forming a blunt cone; eso-

phagus and anus close to one another, located

dorsally; esophagus coursing posteriorly, in-

testine bending ventrally, then dorsally and

opening on left side of esophagus
;
left caecum

large, opening into upper part of intestine of
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left; right caecum small, opening below left

one on right side; testis spherical, ventral to

gut, in base of cone-shaped projection.

Embryo in both types located on dorsal

right side between M III and IV. The horn-

like projection is absent in very young indi-

viduals (as this is present in young H. virgula

from the stolon, perhaps this is incorrect).

This species has been reported only from

Seto, Japan (Komai, 1932), and the present

specimen is from 7M"N, 140°4"W. Komai

(1932) described both the solitary and ag-

gregate forms (one and ca. 30 specimens,

respectively), considering them 5. (C.) virgula.

Ihle and Ihle-Landenberg (1936) studied H.

virgula critically, comparing their observa-

tions with those of Komai. They concluded

that his specimens were a distinct species

which they named after him. Tokioka (1937)

agreed with this conclusion and figured and

described the gut and associated structures

of gregarious specimens, apparently from the

same collection on which Komai worked.

Fedele (1937) found that the dorsal tentacle

above the ciliated groove of gregarious in-

dividuals is also present in H. virgula. Fie

considered the spherical testis of H. komaii

to be only a condition of age and therefore

regarded Komai’s specimens as identical with

H. virgula. Ihle and Ihle-Landenberg (1938^)

wrote a short note defending their earlier con-

clusion. They agreed that the dorsal tentacle

is also found in H. virgula, but the spherical

testis was not present; this conclusion is sup-

ported in the present report, as all stolonic

individuals of H. virgula possess an elongate

testis, never a spherical one. In addition, the

solitary form of H. komaii is so different from

H. virgula that they regarded their earlier con-

clusion as the correct one, with which I am
in complete agreement.

SALPINAE subfam. nov.

This subfamily may be distinguished by

the following characteristics: (1) In both

forms the gut is completely free from the

gill, except at the esophageal region, and does
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not accompany the gill; (2) there are no dis-

tinct light organs present in either form (the

gut of some species produces light from dif-

fuse bodies); (3) the gut in the aggregate

form is a more or less compact "nucleus,”

never a loosely formed loop or an extended

tube; (4) attachment organs in the aggregate

form are separated, not united into one pro-

cess; thus, there are two or more attachment

organs in each animaL

Genus Brooksia Metcalf, 1918

Solitary form with six body muscles, ag-

gregate form with four and five. Solitary form

with an anterior snout containing two pairs

of longitudinal muscles, the dorsal pair con-

tinuous with the mouth musculature, the

ventral pair formed by M I and C.^. Ventral

longitudinal muscles extend posteriorly to

gut region. Aggregate form with testis out-

side intestinal coil, with short anteriorly up-

turned endostyle. Aggregate form asymmetric.

One species, Brooksia rostrata.

Brooksia rostrata (Traustedt) 1893

Fig. 9a-e

Salpa rostrata Traustedt, 1893: 8; Sigl, Y)\2h

Thompson, 1948).

Salpa {Brooksia) rostrata Metcalf, 1918: 50;

Sewell, 1926: 84.

Brooksia rostrata Ihle, 1935: 527-529; Ihle and

Ihle-Landenberg, 1935: 24; Thompson,

1948: 120.

SOLITARY form: More than 10 specimens

examined, with length range of 2-31 mm.
without snout (probable range of 4-62 mm.
with snout). (Fig. 9b-e.) Test: Flabby, glut-

inous, without permanent elevations or de-

pressions; usually absent or fragmentary in

preserved specimens. Muscles: Six dorsally

continuous body muscles present; M I-III

and IV-V-VI-x forming groups dorsally; M
III-IV touching laterally; a strong longi-

tudinal muscle coursing on each side of en-

dostyle from gut to anterior tip of snout (they

remain separate throughout their length)

;

these longitudinal muscles joined by M C.^

and M I only (this is contrary to Traustedt,

1893, and Thompson, 1948, but on close

examination, one can see that no other muscle

fuses with them as Ihle, 1910, showed). In

addition to extensions of the ventral longi-

tudinal muscles, the snout contains two dorsal

longitudinal muscles that continue with the

oral retractor. I have thus classified them as

M bs, or ventral lip sphincter 3. The oral

retractor is formed by the first dorsal lip

sphincter (Af) and all three ventral lip sphinc-

ters. M Bi and C extend to just behind the

oral retractor. An independent muscle, prob-

ably formed from M C or Bi (I have labeled

it C.^), extends ventrally to join the ventral

longitudinal muscle, as does M I. In one

specimen, M I is dorsally interrupted, prob-

ably unnaturally. The horizontal muscle {c)

is long and relatively narrow. The cloacal

musculature of Figure 9c, d has been recon-

structed from fragments. Ciliated groove, gan-

glion and eye: Ciliated groove long, sinuous

in large specimens, short and simple in smaller

ones. The eye has the usual horseshoe shape.

Ganglion and eye lateral to ciliated groove

in large specimens, dorsal to it in smaller ones.

Viscera: Gut somewhat compressed laterally;

margined by a thin flap of caecum {}) tissue;

in state E (Ihle and Ihle-Landenberg, 1935).

The stolon is directed posteriorly.

AGGREGATE FORM: More than 10 specimens

examined with length range of 0.8-2. 5 mm.
(Fig. 9^). Test: Flabby, glutinous, usually ab-

sent in preserved animals. Muscles: Body mus-

cles fused dorsally and ventrally into a single

mass; asymmetric, with two types produced,

the sinistral and dextral individual, whose

muscles are mirror images. There are appar-

ently four body muscles on one side and five

on the other, but due to the invariably poor

condition of preserved specimens, muscula-

ture is difficult to study; consequently, this

needs further examination. Ciliated groove:

Simple, anterior to M I. Viscera: Anterior end

of endostyle widely turned dorsally; endo-

style short; gut in state A (Ihle, 1937-39);
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Fig. 9. Brooksia rostrata. a, Aggregate form, left dorsal aspect; b, solitary form, specimen without test, left

dorsal aspect; c, solitary form, diagram of dorsal surface (length without snout, 31 mm.); d, same specimen as

c, ventral surface; e, same specimen as c, mouth region, left lateral aspect.
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testis located posterior to gut, unlike all other

Salpinae.

This form, because of its small size, is easily

confused with Thalia democratica agg. The

presence of the widely turned endostyle,

prominent gut with posterior testis, and dorsal

and ventral muscle masses make it readily

distinguishable.

Previously this species has been considered

rare, although, as Apstein (1894) and Thomp-

son (1948) stated, the very small aggregate

form may easily be overlooked, especially

among large numbers of Thalia democratica

agg. The species is common in the POFI

collections; in one plankton sample, for ex-

ample, there were 8 solitary and 38 aggregate

zooids. These animals are delicate and usually

fragmented. Only two specimens of the soli-

tary form retained the snout. The solitary

zooid can be positively identified by the

longitudinal muscles coursing parallel to the

endostyle; the aggregate zooids must be ex-

amined closely, preferably stained, for correct

identification. Fragments should not be over-

looked but stained and examined, as the snout

is useful as a recognition character only if the

animal is whole. The high muscular activity

of the solitary zooid was shown by the fact

that in many specimens the body was turned

completely inside out.

Genus Ihlea Metcalf, 1919

Solitary form with six or seven body mus-

cles which form complete rings. Aggregate

form with five or six body muscles which

form complete rings or are ventrally inter-

rupted; these muscles are arranged asym-

metrically.

Two species, Ihka punctata (type) and 1.

magalhanica. The latter species has not been

found in the POFI collections.

Ihlea punctata (Forskal) 1775

Fig. 10^-c

Salpa punctata Forskal, 1775: 114; Ihle, 1912:

34.

Biphora punctata Bruguiere, 1789: 181.

Salpa musculosa [?] Herdman, 1888: 64.

Salpa musculosa-punctata Traustedt, 1893: 6.

Salpa asymmetrica Fowler, 1896: 994; Ihle,

1912: 35.

Salpa {Salpa) punctata Streiff, 1908: 25.

Salpa {Apsteinia) punctata Metcalf, 1918: 72

(see also Metcalf, 1919).

Salpa {Apsteinia) asymmetrica Metcalf, 1918:

78, 183 (see also Metcalf, 1919).

Ihlea punctata Ihle, 1935: 527-529.

Ihlea asymmetrica Ihle, 1935: 527-529; Toki-

oka, 1937: 222; Berrill, 1950: 300.

SOLITARY form: Eight specimens examined,

with length range of 3 (embryo)-l4 mm.
(Fig. 10^). Test: No specimen of the solitary

and aggregate generations except the embryo

had the test attached. It is probably loosely

attached to the adult. The test of the embryo

is flabby, rather thick around gut and elaeo-

blast area; without distinct elevations or de-

Fig. 10. Ihlea punctata, a. Solitary form, left side,

slightly dorsal; b, aggregate form, dorsal aspect; c, ag-

gregate form, ventral aspect.
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pressions; with one lateral attachment organ

on each side over cloacal muscle x. Muscles:

Ten large muscles of which the first is M C;

M I fused with C dorsally; M VI-VII fused

ventrally; remaining body muscles distinct

dorsally and ventrally; M C, I-VII, and x

forming complete rings; M VIII interrupted

ventrally, continuous dorsally; ventral oral

retractor extending posteriorly on each side,

branching into two longitudinal bands, a

dorsal one extending to posterior edge of M
VII and a ventral one extending to space

between M III and IV (touching IV in em-

bryo); longitudinal muscles coursing inter-

nally to body muscles; cloacal retractor ex-

tending anteriorly beneath x to M VIIL

Ciliated groove^ ganglion and eye: Ciliated groove

simple, anterior to M C. Ganglion and eye

just beneath M C. Viscera: Gut compact, in

condition D (Ihle and Ihle-Landenberg, 1933)

;

stolon, according to earlier investigators,

forming a tight spiral limited to ventral region

of gut (no stolon present in POFI specimens).

AGGREGATE FORM: Mote than 10 specimens

examined with length range of 18-23 mm.
(Pig. 10b,c). Test: Not observed but body

flabby, thus test probably without permanent

elevations or depressions. Muscles: Asym-

metric; six body muscles present; M I-II

join dorsally as do III-IV and V-VI; all

muscles interrupted ventrally; M C broad;

M VI on one side extending in broad band

around ventral surface of gut; M II on side

opposite latter portion of VI extending pos-

teriorly on ventral surface toward opposite

side to between M V and VI. Ciliated groove,

ganglion and eye: All anterior to M I; ciliated

groove straight, simple; ganglion and eye

posterodorsal to it; eye projecting dorsally

toward a small opening in mantle above it.

Viscera: Gut compact, in condition F (Ihle

and Ihle-Landenberg, 1933); embryo located

on right side just under M V.

On examination of the literature of Ihlea

punctata and 1 . asymmetrica, a large number of

contradictions, seemingly incorrect observa-

tions, and similarities in the descriptions of

the two so-called species are noticeable.

Therefore, if some of the earlier works

which seem to be permeated with faulty ob-

servations are disregarded, the reported dif-

ferences between the species and my criticisms

of them may be summarized as follows:

1. In Ihlea asymmetrica aggregate there are

no pigment cells ventrally on the test, whereas

in /. punctata these are present. The presence

or absence of pigment is probably largely

determined by length of exposure to the pres-

ervation fluid.

2. In /. asymmetrica agg. all body muscles

are interrupted ventrally (Ihle, 1912; Tokioka,

1937) or only M VI is a ring (Metcalf, 1918),

whereas in L punctata all muscles are inter-

rupted ventrally (Streiff, 1908; Ihle, 1912;

Metcalf, 1918). Metcalf (1918) performed his

study on stolonic individuals of 1 . asymmetrica

which perhaps had not completed their

growth and thus possessed a ring muscle;

or he made an error in his observation.

3. In /. asymmetrica agg., M I-II and V-VI
join dorsally to form groups, M III and IV

remain separate (Metcalf, 1918), or M I-II,

III-IV, and V-VI form groups, the second

group (III-IV) joining the first (Ihle, 1912;

Tokioka, 1937). On the other hand, 1. punc-

tata forms two groups—M I-II and V-VI

—

and M III-IV remain separate (Streiff, 1908;

Metcalf, 1918), or M I-II and V-VI form

groups, M II-III remain separate but ap-

proach Mil (Traustedt, 1893; Apstein, 1906^).

These differences in muscle grouping seem

to be only individual variation. They overlap

in part and are considered nonuseful here.

4. In Ihlea asymmetrica sol., the dorsal long-

itudinal muscle extends to M VIII; the ven-

tral longitudinal muscle extends to beneath

M V (Ihle, 1912; Metcalf, 1918). In 1. punc-

tata, on the other hand, the dorsal longitu-

dinal muscle extends to between M VII and

VIII (Apstein, 1906^/; Streiff, 1908; Ihle,

1912; Metcalf, 1918); the ventral longitudinal

muscle extends to between M III-IV (Ap-

stein, 1906^; Streiff, I9O8; Ihle, 1912; Met-

calf, I9I8). There is obviously no difference
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in the dorsal longitudinal muscle extension.

The difference described in the ventral ex-

tension is perhaps only one of growth. At

any rate, it is rather minor.

5. In Ihlea asymmetrica sol. there are lateral

projections on either side of the gut in em-

bryos (and the small specimen of Ihle, 1912),

whereas these have not been reported in /.

punctata (Apstein, 1901, Ihle, 1912, and Met-

calf, 1918, have reported them in /. asym-

metrica). As Metcalf (1918) pointed out on

his embryo, lateral projections are probably

only embryonic attachment organs. Thus they

may disappear in adults. They are presumably

present in embryos of both so-called species.

6. In /. punctata sol. there are pigmented

areas on the lips and posteroventral region

near the gut (Metcalf, 1918), whereas these

have not been reported in 1. asymmetrica.

Again, the presence or absence of pigment is

probably largely determined by the length

of exposure to preservation fluid.

7. In I. asymmetrica sol., the bow muscle

(C) and I, II, III, and IV form one group

dorsally, M VII, VIII, and x form another

(Metcalf, 1918); or C-I-II form one group,

III-IV form another, and M VIII and x form

a third group (Apstein, 1901); or C-I-II form

one group dorsally, M III-IV a second, and

M VII-VIII-x form a third group (Ihle, 1912)

.

On the other hand, in I. punctata C-I-II form

the only group (Traustedt, 1893); or all re-

main separate (Apstein, 1906^,^; Streiff,

1908); or C-I-II form one group, and VII

(?)-VIII-x (figures of Metcalf, 1918) form

another. These differences in muscle group-

ing are probably only individual variation and

are considered nonuseful here.

As a result of an exhaustive review of the

literature, I can conclude only three possibil-

ities: (1) the two species may be distinct, but,

if so, the descriptions are in such a tangle

that they are in large part unreliable; (2) the

two so-called species are one, the differences

described being due only to individual varia-

tion, not to specific, subspecific, varietal, or

formal variation; (3) the two species are one,

the differences described being due to varia-

tions important enough, perhaps, to consider

1. asymmetrica to be only a form or variety of

the main species, 1. punctata. This form would

be distinguished from the main species only

by the length of the ventral longitudinal mus-

cle and the absence of pigmented areas in the

test.

It is my opinion that possibility 2, above,

is the correct one. Therefore, the two species

are here regarded as only one, Ihlea punctata

{
= 1. asymmetrica), with no differences other

than what can be attributed to individual

variation.

This conclusion is upheld by an embryo

(solitary form) in the POFI collections. This

embryo’s ventral longitudinal muscle extends

up to the anterior edge ofM IV (a character

of I. punctata, presumably)
;

it also, however,

possesses attachment organs—one on each

side over M x (a character of 1. asymmetrica,

presumably).

Genus Salpa Forskal, 1775

Solitary form with eight ventrally inter-

rupted body muscles, aggregate form with

six. In the aggregate form, these muscles form

two groups dorsally. Transverse ridges of gill

bar taper gradually to a point ventrally and

are separated from one another by a distance

less than 0.5 the width of the gill bar.

Two species, Salpa maxima (type) and S.

fusiformis.

Salpa fusiformis Cuvier, 1804

Figs. 11^-^, 12^-^, 15^, 16^

Salpa fusiformis Cuvier, 1804: 382; Bomford,

1913: 243; Ihle, 1935: 527-529; Tokioka,

1937: 223; Thompson, 1948: 156; Berrill,

1950: 293.

Salpa aspera Chamisso, 1819: 14.

Salpa runcinata Chamisso, 1819: 16.

Biphora depressa Sars, 1829: 51.

Biphora tricuspidata Sars, 1829: 56.

Salpa clostra Deshayes, 1836-46: vol. 121, figs.

2-2a.
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Fig. 11. Salpa fusiformis, solitary form, a, Asperate form, dorsal aspect; b, same specimen as a, ciliated groove

and associated structures, dorsal aspect; c, same specimen as a, test, right side; d, same specimen as a, test, ventral

surface; e, nonspiny form, scheme of cross section of test at level of M III; /, nonspiny form, scheme of cross

section of test at gut level; g, nonspiny form, left dorsolateral aspect; h, same specimen as g, ciliated groove and

associated structures, dorsal aspect.

Salparuncinata-fusiformisTmnsttdit, 1885: 370.

Salpa echinata Herdman, 1888: 66.

Salpa runcinata-fusiformis var. echinata Apstein,

1894^.* 47.

Salpa fusiformis var. echinata Apstein, 1894A*

14.

Salpa fusiformis-runcinata Ritter, 1905 : 64.

Salpa fusiformis-runcinata form echinata Ritter,

1905: 67.

Salpa {Salpa) fusiformis Streiff, 1908: 24; Met-

calf, 1918: 88; Sewell, 1926: 75; Stiasny,

1926: 424.

Salpa fusiformis forma aspera Ihle, 1911: 587;

Tokioka, 1937: 223; Thompson, 1948: 158.

Salpa fusiformis fusiformis Ihle, 1912: 39.

Salpa fusiformis aspera Ihle, 1912: 40.

Salpa {Salpa) fusiformis form aspera Metcalf,

1918: 92; Sewell, 1926: 76.

SOLITARY FORM: More than 10 specimens

examined with length range of 11-47 mm.
(Eig. 11). Test: The typical form is described

first (Fig. llg): dorsal longitudinal depression

wide and deep, limited on each side by a

dorsal limiting ridge; each dorsal limiting

ridge bearing posteriorly several spines, con-

tinuing into a dorsal posterior projection;

test of dorsal longitudinal depression thin,
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continuous with thin test of cloacal siphon;

dorsal posterior projections bearing a blunt,

straight, posterior spine and a curved ventral

hook; each projection also forming' a ven-

trally directed posterior ridge that joins the

same ridge of opposite side midventrally; at

joint, ventral posterior projection formed;

each dorsal posterior projection bearing lat-

erally an anteriorly directed lateral ridge; ven-

tral to this, formed at the posterior ridge, a

ventrolateral ridge courses anteriorly; ven-

trally a midventral ridge continuing anteriorly,

dividing into two that continue to the chin;

chin and mouth covered by thin test; inter-

nally test with rather large gut cavity, no

elaeoblast cavity; cavity for posterior ventral

attachment organ not present in typical spec-

imens (may be present in large asperate spec-

imens); margin of gut cavity smooth. The

asperate form of this species is similar to the

typical form, except that its ridges are spiny

and the test has more thin area, being thick

only posteriorly, at the chin and upper lip.

and along ridges (Fig. 11^). Muscles: Eight

body muscles; M I-III and VIII-x usually

fuse, touch, or converge but may be sep-

arated; no attachment organ between M VI-

VII. Ciliated groove: Usually forming shallow

open bend (Fig. llh) but may form a large

structure resembling that of Salpa maxima

(Fig. 11^). Viscera: Gut compact, in condition

E (Ihle and Ihle-Landenberg, 1933); endo-

style straight; stolon usually coursing ante-

riorly, turning abruptly and coursing around

left side of gut, but may form a tight circle

around gut.

AGGREGATE FORM: More than 10 specimens

examined with length range of 5-37 mm.
(Fig. 12). Test: In typical form (Fig, 12^), keg-

shaped, smooth; with one anterior and one

posterior end projection; each may be as long

as body; dorsal longitudinal depression ex-

tending onto end projections, limited later-

ally by dorsal limiting elevations; ventrally

test gradually raised, forming a relatively small

gut swelling. There is an asperate form (Fig.

Fig. 12. Salpa fusiformis. aggregate form, a, Nonspiny form, dorsal aspect; b, asperate form, dorsal aspect;

c, another asperate specimen, dorsal aspect; d, same specimen as b, dorsal aspect of ciliated groove and associated

structures; e, ventral aspect of ciliated groove, from d.
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12b, c) whose test is sparsely spined, asym-

metric; end projections short, although Met-

calf (1918) found some with long projections;

test relatively thick. This form has broad

muscle bands. Muscles: Six body muscles; M
I-II and III-IV fusing dorsally as doM V-VI,

thus forming two groups; M IV and V usually

approach, touching or joining laterally, but

as Stiasny (1926) pointed out, this is not so

in many specimens; ends of muscles extend-

ing rather far ventrally. Ventral lip sphincter

4 (M bs) interrupted. Ciliated groove (Fig. lid,

e): Simple, straight or slightly curved. Viscera:

Gut compact, in condition C (Ihle and Ihle-

Landenberg, 1933); gill segments closely ap-

proximated; embryo attached to right side

dorsally behind or beneath M V.

Salpa maxima Forskal, 1775

Figs. 13^-4 14^-^, 15^, 16^^

Salpa maxima Forskal, 1775: 112; Ihle, 1935:

527-529; Tokioka, 1937: 223; Thompson,

1948: 154.

Salpa africana Forskal, 1775: 116.

Biphora maxima Brugiuere, 1789: 179-

Biphora africana Brugiuere, 1789: 182.

Salpa birostratus Blainville, 1827: 119.

Salpa chamissonis Lesson, 1830: 274.

Salpa forskalii [.^] Lesson, 1830: 276.

Salpa birostrata Meyen, 1832: 412.

Salpa antarctica Meyen, 1832: 416.

Salpa naepoUtana [.?] Chiaje, 1841: 40.

Salpa africana-maxima Traustedt, 1885: 374.

Salpa {Salpa) maxima Streiff, 1908: 21; Met-

calf, 1918: 83; Sewell, 1926: 83; Stiasny,

1926: 419.

SOLITARY FORM: Ten specimens examined

with length range of 6 (embryo)-108 mm.
(Fig. 13). Best: In typical specimen (Fig. 13^)

thick in all areas, especially around gut; dorsal

depression rather deep; two large dorsal limit-

ing elevations; ventrolateral depression deep,

gradually forming ventral elevation; spinose

posteriorly; internally, test with large gut

cavity whose posterior margin may bear eleva-

tions (called "baumformigen Fortsatzen” of

the cloacal tube, and therefore presumably of

epithelium, by Streiff, 1908, and Ihle, 1912,

and figured as such by them as well as later

investigators); these internal test elevations

may be absent or present, usually bearing

several blunt spines which themselves may
bear minute spines; a cavity projects ventro-

anteriorly from the gut cavity, housing the

elaeoblast and reduced in older individuals

that have resorbed the elaeoblast; anterior to

gut cavity, a placental cavity present in smaller

specimens; posterior to gut cavity a deep

invagination for posteroventral attachment

organ usually present; in one specimen (Fig.

13^), whole ventral region forming a cavity

continuous with an opening in chin which

appears to be natural, as its margin is not

jagged, but not present in smaller specimens;

chin prominent. In addition to the typical

form, there is an echinate form that resembles

the echinate form of Salpa fusiformis (Fig.

13^). It can be distinguished from the typical

form only on the basis of the test. It should,

perhaps, be described as typical, as this is the

only form of the smaller specimens of S.

maxima found here. Test has distinct thick

and thin regions; thin dorsally and laterally

except in posterior quarter of body; spines

usually limited to posterior quarter of body

(but not necessarily; see Fig. 13/); a deep

longitudinal depression limited by dorsal lim-

iting elevations (these may be ridges)
;
trans-

verse depression at base of upper lip; dorsal

limiting elevations becoming thickened pos-

teriorly, bearing a row of spines; just below

this, a narrow longitudinal extension of thin

test joins cloacal test; ventral to this a thick-

ened region continuous posteriorly and ven-

trally from one side to opposite side; two

weak ridges of spines on lateral surface of this

thickened region; a group of spines on ven-

trolateral and ventral gut region; entire pos-

teroventral region forming a gut swelling;

ventral surface thickened along its entire

length forming a large nonridged (but may
be echinate) ventral elevation; chin rather

prominent. The test as well as other structures
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of Salpa fusiformis and S. maxima are in some

specimens almost identical. Figure 13/ shows a

specimen of S. viaxima of this type. Muscles:

Eight body muscles, usually far separated from

one another, but groups may be formed; ex-

tending only a short distance ventrally; at-

tachment organ on each side dorsally between

M VI and VII that may be prominent, re-

duced, or absent (Fig. Ciliated groove

(Fig. 13g,/?): Forms a large incomplete loop

with three bends; in larger specimens, minor

bends give the appearance of segmentation.

Viscera: Gut compact, in condition F (Ihle

and Ihle-Landenberg, 1933); stolon extending

Fig. 13. Salpa maxima, solitary form, a. Smaller specimen, right side (the gut has been drawn up to reveal

test cavities); b, dorsal attachment organ of a specimen similar to a, lateral aspect; c, same specimen as a, schematic

cross section of test at level ofM III; d, same specimen as a, schematic cross section of test at gut level; e, larger

specimen, left side; /, same specimen as e, lateral aspect of dorsal attachment organ; g, same specimen as e, lateral

aspect of ciliated groove and associated structures; h, same specimen as a, ciliated groove, ganglion and eye,

•dorsolateral aspect; i, echinate form, ventral aspect of test; j, same specimen as /, test from left; k, same specimen

as /, schematic cross section of test at level ofM III; /, another echinate specimen, dorsal aspect; m, same specimen

as /, schematic cross section of test at gut level.
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Fig. 14. Salpa maxima, aggregate form, a. Larger specimen, dorsal aspect; b, smaller (echinate) specimen, dorsal

aspect; c, same specimen as b, ventral aspect of test; d, same specimen as b, schematic cross section of test at level

of M IV; e, same specimen as b, left aspect of ciliated groove and associated structures.

anteriorly, turning posteriorly and usually

rather closely encircling gut, then extending

anteriorly again; a ventral posterior attach-

ment organ usually present behind gut (Eig.

AGGREGATE FORM: Over 10 specimens ex-

amined with length range of 10-112 mm.
(Eig. 14). Test: In the typical (.^) form, thick

and smooth (Fig. 14^) in all areas; gut swell-

ing prominent; end projections long or short;

test bearing neither serrations, grooves, nor

ridges; weak dorsal longitudinal depression

and large ventral elevation present; gut cavity

large, its margin smooth except for a V-

shaped depression posteriorly. The most com-

mon form among POFI specimens is asym-

metric, echinate, and smaller than the above-

described form (Fig. 14^). Test thick in all

areas; dorsal longitudinal depression limited

by dorsal limiting elevations; transverse de-

pression at base of upper lip; posteriorly a

sparsely serrated dorsolateral ridge with a

sparsely serrated lateral ridge ventral to it; a

dorsal transverse groove posterior to cloacal

aperture with a longitudinal groove extending

from it posteriorly on the end projection; few

spines on or near gut swelling; nonserrated

ventral ridge on gut swelling; oblique groove

in front of gut swelling; remaining anterior

test thin, forming a shallow depression; at-

tachment organs prominent, large; end pro-

jections broad, relatively short. Muscles: Six

present, forming two groups, M I-IV and

V-VI; IV and V may approach laterally and
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even touch; muscles extending far toward

ventral surface. Ventral lip sphincter 4 (M
bs) continuous. Ciliated groove (Fig. 14^): An-

terior to M I, usually forming a large incom-

plete circle. Viscera: Gut compact, in condi-

tion C (Ihle and Ihle-Landenberg, 1933);

embryo on right side dorsally between M V
and VI.

The form tuherculata of Metcalf has not

been found in the collections studied.

Individuals of the species of Salpa (solitary

form) smaller than 2 centimeters have char-

acteristic features. The two species can be

distinguished by the presence in 5. maxima

of a large elaeoblast and cavity, a large ciliated

groove with three bends, the usually separated

muscles, and the absence of a ventral hook

on the dorsal posterior test projection, where-

as S. fusiformh has opposite characteristics (ex-

cept for the presence of an elaeoblast in very

young animals). When the animals are larger,

these distinctions become gradually less ap-

parent; the elaeoblast becomes reduced or

resorbed, although in all specimens of 5.

maxima its test cavity remains; the ciliated

groove of large S. fusiformis (47 mm. maxi-

mum length of POFI specimens) may have

the same structure as that of S. maxima; the

body muscles may either be grouped or dis-

tinct in both species; the internal "baumform-

igen Fortsatzen” may be absent in 5. maxima;

large individuals of 5. maxima may develop

a ventral hook on the dorsal posterior test

projection exactly as in S. fusiformis (Fig. 13/).

Attachment organs, test, ganglion and eye,

stolon, gut, and endostyle are either the same

in both species or intergrade between them.

The only structure that I have found never

to intergrade is the cavity in which the elaeo-

blast lies in S. maxima. In all specimens ex-

amined, the elaeoblast cavity, although re-

duced in larger individuals, was present when
the. animal was considered, by other means,

to be S. maxima. In all specimens considered

to be S. fusiformis, even those as small as II

millimeters, neither the elaeoblast nor its

cavity was present. In small S. fusiformis the

ciliated groove is a simple open one; in S.

maxima, even in advanced embryos, the cili-

ated groove is large and possesses the char-

acteristic three bends. Thus, the most impor-

tant differences between the two species are

(1) the presence in 5. maxima of an elaeoblast

cavity (both large and small individuals), and

(2) the structure of the ciliated groove.

As a result of insufficient descriptions, it

is impossible to determine from the literature

whether the asperate forms described and fig-

Fig. 15. Mouth musculature of left side, seen from
inside, a, Salpa maxima agg.

;
b, Salpa fusiformis agg.



304 PACIFIC SCIENCE, Voi, VIII, July, 1954

ured are S. fustformis or S. maxima (see es-

pecially Herdman, 1888; Apstein, lS9Ab; Rit-

ter, 1905; Ihle, 1910), although these were all

considered S, fustformis. I am inclined to re-

gard the very large specimens described by

some of these authors as S. maxima, but this

is only speculation.

There is less difficulty in distinguishing the

two species in the aggregate generation than

in the solitary generation. Body muscle ar-

rangement is a poor means of distinction

(Stiasny, 1926). Nevertheless, it has been the

main basis for differentiating 5. fustformis from

other species. In the POFI collections, some

individuals of S. maxima were found in which

M IV and V touch laterally (usually con-

sidered a character of S. fusiformis), and many

specimens of S. fusiformis were found in which,

on either one or both sides, M IV and V do

not touch. Other body structures, such as

test, gut, position of embryo, and ciliated

groove, are similar or intergrade between

them. The differences in mouth musculature

are the only certain means of distinguishing

the two species in all specimens examined.

In 5. maxima, ventral lip sphincter 4 (M bs)

is continuous, whereas in V fusiformis it is

interrupted; there are also other differences as

shown in Figure 15.

The great difference in size is usually a

useful means of distinction between the spe-

cies for both solitary and aggregate specimens.

Genus Weelia gen. nov.

The genus is characterized as follows: In

both generations, transverse ribs of the gill

bar meet dorsally, becoming reduced in width

sharply toward the ventral surface so that they

are far separated from one another ventrally

(Fig. 16); gut in state E of Ihle and Ihle-

Landenberg (1933) in both generations; ag-

gregate form with five body muscles that form

two groups dorsally (M I-III, IV-V); body

muscles interrupted ventrally in both forms;

no independent muscle in the posterior pro-

jection of the aggregate form; solitary form

with eight (rarely nine) body muscles of which

M I-IV are either fused, joined by muscle

strands, touch, or approach one another dors-

ally; body muscles may be split into branches

laterally, sometimes are fused laterally, thus

tending to vary considerably; no attachment

organs in the solitary form (excluding lips

and cloacal siphon)
;
test of the solitary form

(in POFI specimens) bears a varying number
of thickened white patches that are arranged

in rows; or, according to Brooks (1893), Se-

well (1926), and Stiasny (1926), there are

seven longitudinal ridges on the test-two

dorsal, two lateral, and three ventral, with a

posterior ridge joining the midventral ridge.

I regard Salpa cylindrica as sufficiently differ-

ent from the other species of Salpa to be

placed in a new genus, Weelia, named to

honor Dr. P, B. van Weel of the University

of Hawaii, who has contributed so signifi-

cantly to the present study. The only known
species, Weelia cylindrica, is the type.

Weelia cylindrica (Cuvier) 1804

Figs. I6c, \la-f

Salpa cylindrica Cuvier, 1804: 381; Bomford,

Fig. 16. Diagrams of a part of the gill bar of the

solitary form, a, Salpa maxima; b, Salpa fusiformis; c,

Weelia cylindrica. 1, ventral aspect; 2, lateral aspect.
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Fig. 17. Weelia cylindrica. a, Solitary form, left side; b,c,d, diagrams of muscle variation in the solitary form;

in b and d, M IV is represented as being drawn out on one side (c after Sewell, 1926); e, gut of solitary form,

right side; /, aggregate form, dorsal aspect.

1913: 243; Oka, 1915: 31; Ihle, 1935: 527-

529; Tokioka, 1937: 223; Thompson, 1948:

161 .

lasts cylindrica Savigny, 1816: 235.

Salpa coerulescens Chamisso, 1819: 22.

Salpa elongata Blainville, 1827: 113.

Salpa garnotti [.^] Lesson, 1830: 271.

Salpa truncata [.^] Quoy and Gaimard, 1834:

588.

Salpa coerulea Quoy and Gaimard, 1834: 589.

Salpa {Salpa) cylindrica Metcalf, 1918: 93;

Sewell, 1926: 77; Stiasny, 1926: 429.

SOLITARY form: Over 10 specimens exam-

ined with a length range of 14-38 mm. (Fig.
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\ld). Test: Glutinous, dorsally and laterally

thin, ventrally thickened especially over the

gut as gut swelling; from anterior point of

gut swelling, two weak ridges lacking spines

coursing shortly anteriorly and posteriorly on

ventral surface of gut swelling; anteriorly a

sparsely spined ridge encircling base of ven-

tral lip; chin weakly developed; attachment

organs absent; a varying number of white

patches of thickened test most prominent

posteriorly, especially over the gut, arranged

in three rows on each side: (1) a dorsolateral

row, (2) a lateral row, and (3) a ventrolateral

row at edge of thickened ventral test con-

tinuing with patches over gut. Muscles: Eight

(sometimes nine, as described by Sewell,

1926) body muscles, some of which may
divide into two branches laterally; M I-IV

approaching, fusing, or joining by means of

fine strands of muscle dorsally, varying con-

siderably (Eig. \lb-d)
\
remainder of muscles

usually equally separate from ane another ex-

cept X, which may approach M VIII dorsally;

all body muscles extend rather far ventrally;

some may be fused, but usually are separate.

Ciliated groove: Simple, elongate, straight or

slightly bent. Viscera: Gut compact, in con-

dition E of Ihle and Ihle-Landenberg (1933)

(Fig. 17^); stolon club-shaped, straight (or

undulating according to Thompson, 1948);

transverse ribs of gill touching one another

dorsolaterally; tapering sharply and becoming

rather far separated ventrally. In species of

Salpa, these ribs are separate along their entire

length and taper gradually toward the ventral

surface (Fig. 16).

AGGREGATE FORM: Over 10 specimens ex-

amined, with length range of 6-1 6 mm. (Fig.

17/). Test: Flabby, without permanent ridges

or grooves; one anterior and one posterior

asymmetric projection, which are usually short

and stumpy, but may be elongate as in Fig.

Ilf. Eight attachment organs present accord-

ing to Stiasny (1926), but only six were visible

in POEI specimens. Muscles: Five body mus-

cles; M I-III fused dorsally as are M IV and

V
;
in all POFI specimens the two groups are

joined dorsally (but may be distinct, accord-

ing to other investigators)
;
muscles extending

rather far ventrally. Ciliated groove: Slightly

arched, simple. Viscera: Gut compact, in con-

dition E of Ihle and Ihle-Landenberg (1933);

embryo on right side between M IV and V;

gill as in solitary form.

This salp has been studied by many in-

vestigators, but only Brooks (1893) and, es-

pecially, Sewell (1926) have shown any of the

great variation in muscle arrangement that

occurs in the solitary form. The usual de-

scriptions point out only that M I-IV ap-

proach or touch dorsally, the rest remain

separate. The actual muscular arrangement

may differ considerably from this condition

(Fig. llh-d). In regard to the test of the

solitary form. Brooks (1893), Sewell (1926),

and Stiasny (1926) described seven longitud-

inal ridges—two dorsal, two lateral, and three

ventral— as well as a posterior ridge. In all

specimens I have examined, however, there

are only two longitudinal ventral ridges pres-

ent, and they are much shorter than those

described by the above-named investigators.

Evidently, there is also a rather large amount

of variation in test structure. Almost all spec-

imens, both aggregate and solitary, in the

POEI collections are separated from their

tests. In only a few individuals did the tests

remain on the animals. I was unable to find

the ridges described by Stiasny (1926) on the

test of the aggregate form.

Genus Ritteriella Metcalf, 1919

Solitary form with 10 to 24 body muscles,

all of which are ventrally interrupted, except

in R. amboinensis the first three or four form

complete rings. Aggregate form with six body

muscles that form groups dorsally. Transverse

ridges of gill bar are separated from one

another by a distance greater than 0.5 the

width of the gill bar. Solitary form possesses

a blood-forming organ.

Two species, Ritteriella amboinensis (type)

and R. picteti.

R. picteti and R. amboinensis were first de-
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scribed by Apstein (1904) from Amboina.

In 1906, Ritter described what he regarded as

a new species, Cyclosalpa retracta {
= R. retracta)

.

This, however, was regarded by Ihle (I9IO)

as similar enough to K. picteti to be a doubtful

species if an intermediate form were found.

Komai (1932) described such an intermediate

form, so that at present R. retracta is consid-

ered a synonym of R. picteti.

Ritteriella amboinensis (Apstein) 1904

Fig. 18^-c

Salpa amboinensis Apstein 1904: 651; 1906^

(agg.): 166; Ihle, I9IO: 34; 1912: 44.

Salpa (Ritteria) amboinensis Metcalf, I9I8: 56;

Sewell, 1926: 85.

Ritteriella amboinensis Ihle, 1935: 527-529;

Tokioka, 1937: 222; Thompson, 1948: 126.

Fig. 18 . Ritteriella amboinensis. a. Solitary form, dorsolateral aspect; b, aggregate form, dorsal aspect; r, aggregate

form, mouth musculature of right side from inside.
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[non] Salpa amhoinensis Apstein, 1906^/ 250;

1906^ (soL): 166.

SOLITARY FORM: Over 10 specimens exam-

ined with length range of 3 (embryos)-29

mm. (Fig. 18^). Test: Flabby, thin, especially

over muscles; a rather thick, elongate gut

swelling; there may be an additional swelling

immediately over gut; no other permanent

elevations or depressions. Muscles: Number
of body muscles varies from 10 to 13, usually

11 or 12; number of muscles may be different

on opposite sides of the body; M I-III touch-

ing dorsally as do X-XI and x; third upper

lip sphincter muscle (B2) distinct, large, con-

tinuous dorsally and ventrally; bow muscle

interrupted dorsally, continuous ventrally; M
I-III or IV forming rings; remainder of body
muscles interrupted ventrally, becoming more

widely interrupted posteriorly; all body mus-

cles except I, II, X, and XI are joined dorsally

by connecting bands of muscle; muscles rel-

atively opaque and rather iridescent in all

specimens examined. Ciliated groove: Simple,

forming a crescent similar to that of 5. fusi-

formis sol. Viscera: Gut rather compact, in

condition A (Ihle and Ihle-Landenberg, 1933)

;

stolon segmented only far anterior to gut,

turning posteriorly at region ofM V; a round

or bean-shaped blood-forming organ present

on left side of gut.

AGGREGATE FORM: Six Specimens examined

with a length range of 6-10 mm. (with pro-

jections) (Fig. l^b,c). Test: Flabby, glutinous;

thin over whole body, slightly thicker over

gut forming a rounded bulge; a general swell-

ing of test material in gut area; end projec-

tions asymmetric, posterior one long, club-

shaped, anterior one short, blunt. Muscles:

Six body muscles of which M I-II and III-IV

join dorsally into a group as do M V-VI;

M I-II widely fused dorsally; all extend far

toward the endostyle ventrally; a large, rather

prominent independent muscle {in) on the

posterior end projection under gut swelling,

on right or left side according to position of

animal on the stolon; this muscle much long-

er and more prominent than in any species

of Salpa; M Ai continuous dorsally; three

ventral lip sphincters present. Ciliated groove:

Situated vertically or almost so, a simple open

structure. Viscera: Gut compact, in state D of

Ihle and Ihle-Landenberg (1933); ribs or seg-

ments of gill bar relatively far separated;

embryo attached beneath M V on right dorsal

body wall.

Ritteriella picteti (Apstein) 1904

Fig. I9a-f

Salpa picteti Apstein, 1904: 655; 1906^.* 252;

I906A 168; Ihle, I9IO: 43; 1912: 46.

Cyclosalpa retracta Ritter, I906: 1.

Salpa amhoinensis Apstein 1906^.' 250; I9O6A'

166.

[non] Salpa amhoinensis Apstein, 1904: 651.

Salpa retracta Ihle, I9IO: 40; 1912: 45.

Salpa {Ritteria) retracta Metcalf, I9I8: 53.

Salpa {Ritteria)picteti Metcalf, 1918:55; Sewell,

1926: 86.

Salpa {Ritteriella) picteti Ys^omTi, 1932: 65.

Ritteriella picteti WAt, 1935: 527-529; Tokioka,

1937: 222; Thompson, 1948: 124; Berner,

1954.

SOLITARY form: Over 10 specimens exam-

ined with length range of 21-86 mm. (Fig.

19^,^). Test: Moderately thick over whole

body with a slight elevation over the gut

region; flabby and glutinous; no permanent

elevations and depressions except over gut

(Figure 19<^ represents an unusual condition

in which there is present one lateral depression

on each side; usually there is a single dorsal

depression and no lateral ones). Num-
ber varying from 13 to 24, including x and y,

in the POFI specimens; number of muscles

on one side usually different from number on

opposite side; all body muscles continuous

dorsally, interrupted ventrally; M I-V or VI

usually connected by bands of muscle, re-

mainder may be connected or distinct. Ciliated

groove: Elongate, sinuous, but simple. Viscera:

Gut in condition G (Ihle and Ihle-Landen-

berg, 1933), T-shaped with esophagus and
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caecum forming right and left parts, respec-

tively, of head of T, intestine forming pos-

terior shaft of T
;
elongate, cylindrical, blood-

forming organ located on left side, projecting

from region of caecum dorsally, then bending

anteriorly (abnormally posteriorly as in the

figured specimen); stolon forming a slight

bend and turning posteriorly at region of

M VI-VIII.

AGGREGATE FORM: Two Specimens exam-

309

ined, with length range of 18-23 mm., with-

out end projections (Fig. 19c-/). TesL’ Flabby,

glutinous, without permanent elevations and

depressions except gut swelling which forms

a large protrusion almost wholly independent

of the rest of the body; end projections asym-

metric, filiform. Muscles: Body muscles closely

similar to those of R. amboinensis except wider

and composed of more fibers (Berner, 1954)

;

three sphincters in dorsal lip, of which the

Fig. 19. Ritterklla pkteti. a, Solitary form, right side; b, solitary form, left side of embryo (length, 1.3 mm.);
c, aggregate form, right side; d, aggregate form, mouth musculature of left side from inside; e, aggregate form,
ciliated groove, lateral aspect; /, aggregate form, ciliated groove, ventral aspect.
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first is interrupted middorsally, the remainder

continuous, and four continuous ventral lip

sphincters; independent muscle large and

conspicuous. Ciliated groove: Similar to that

of K. amhoinensis agg. Viscera: Similar to that

of R. amhoinensis, except that the endostyle

extends almost to the gut in K. picteti, whereas

it extends only to the level ofM V or less in

R. amhoinensis.

The solitary forms of R. picteti and R. am-

hoinensis are rather similar to one another.

Descriptions of them, however, vary con-

siderably and should be reviewed, as there is

much overlapping between descriptions and

probable errors in them. All descriptions agree

in regard to gut structure (except for those of

Apstein [1906^, 1906/?] who evidently mis-

takenly identified his specimens as 5. am-

hoinensis). Ihle (1910) restudied these speci-

mens and considered them to be 5. retracta.

They had the characteristic T-shaped gut

structure of R. picteti.

In regard to muscle structure, however,

there are a large number of contradictions.

All past descriptions except Apstein’s (1904)

of R. amhoinensis described M I-III as ring

muscles. Apstein, however, in first describing

the species, stated that the anterior muscles

coursed almost to the endostyle and were

thus interrupted. Ihle (I9IO) restudied these

specimens that Apstein had described and

stated for R. amhoinensis sol. that "die 3 vor-

deren Korpermuskeln ebenso wie die Bogen-

muskel ringformig sind."

Sewell (1926), although not describing the

condition, figured in R. amhoinensis sol. M
I-IV as ring muscles; in most POFI spec-

imens here examined, M I-IV are ring mus-

cles; in some specimens, only M I-III are

rings.

Ritter (I9O6) emphasized the fact that in

his specimen of Cyclosalpa retracta (
= R. pic-

teti), M 2-10 were completely continuous

ventrally, thus ring muscles. This has not been

observed in any other specimen of the species.

Apstein (1906^) described specimens, re-

garded by him as S. amhoinensis, as possessing

four "vollkommene Rundmuskeln," although

in his earlier description (1904) of S. am-

hoinensis all body muscles were considered to

be ventrally interrupted. Ihle (1910) restudied

these specimens that Apstein (1906^) had

studied and identified them as S. retracta. He
stated that with this species all body muscles

were ventrally interrupted. Later, however,

Ihle (1912) described the species S. retracta as

follows: "Vordere Muskeln ringformig. . . .

”

In specimens of R. picteti described by Ap-

stein (1904), Ihle (1910), Sewell (1926), Ko-
mai (1932), and Thompson (1948), all body

muscles were described as ventrally inter-

rupted. Apstein later (1906^, I906/?) made no

mention of this condition even though he had

done so in 1904. Ihle (1912), however, stated

in regard to R. picteti, "Vordere Muskeln

medio-ventral geschlossen." Also, Ihle (1935)

characterized the genus Ritteriella as possess-

ing 9-24 body muscles ofwhich the "vorderen

ringformig sind."

Komai (1932) described a specimen of R.

picteti in which all body muscles were ven-

trally interrupted. In regard to Ritter’s (I906)

description that C. retracta possessed nine ring

muscles, Komai stated, "It is very doubtful

whether one can put so much importance on

that feature of the musculature in R. retracta,

even if Ritter’s observation on this point is

warranted.’’ I cannot agree with this state-

ment, but rather believe that inconsistencies

described have been the result of mistakes on

the part of the observers. My conclusion is

upheld by the POEI embryo, in which all

body muscles and M C are ventrally inter-

rupted.

The blood-forming organ of R. amhoinensis

has been described only as round or bean-

shaped. In R. picteti (and S. retracta) it has

usually been described as elongate, but Ihle

(1910) described that of S. picteti as bean-

shaped and that of S. retracta as variable in

structure. Thus, this character perhaps is not

important systematically.

Descriptions of the stolon also vary con-

siderably. In R. picteti it varies from a spiral
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(Apstein, 1906^, identified by him as S. am-

boinensis) to an elongate vermiform structure

with a slight bend; in K. amhoinensis it forms

a wide sickle-shaped curve or is straight but

may be slightly spiralled; thus, this organ also

is perhaps not important systematically.

It is obvious from the literature that there

has been a considerable amount of confusion

in identifying the two solitary forms. Also

obvious, both from the literature and POFI
specimens, is the fact that these forms have a

wide range of variability, perhaps more than

any other salp, especially in muscle number

and condition. I believe, however, that the

differences in gut structure and in interrup-

tions of the body muscles are important and

valid* differences. They are applicable to all

POFI specimens, at any rate, except for the

gut of the embryo of K. picteti.

The gregarious form of R. amhoinensis has

long been known (but that of R. picteti has

only recently been described) by Berner

(1954). Apstein (1904) first described the

aggregate form of R. amhoinensis rather in-

adequately, not describing the mouth or

cloacal muscles. His figure does not permit

accurate identification. Ihle (1910) studied

this form next, describing both older chain

forms and very young stolonic individuals.

His descriptions are thorough and adequate

for identification of R. amhoinensis agg. He
described and figured three sphincters in each

lip (Taf. I, fig. 10) of the chain specimens.

All these sphincters were described as un-

interrupted. Metcalf (1918) based his de-

scription completely on that of Ihle (1910).

He reproduced Ihle’s figure 10 among others,

thus showed three sphincters in each lip; but

he described it as follows: ”The oral muscles

(Fig. 31) include a retractor and, in the upper

and lower lips, two sphincters each. . .
.” It

may be thought that he considered the finer

sphincters as only branches of one main
sphincter, thus two in each lip, but in his

other descriptions, each mouth muscle, no
matter how small, was distinguished by a

name and number. Therefore, he obviously

misread Ihle (1910) and, although reproduc-

ing Ihle’s figure correctly, he described the

animal incorrectly. Thompson (1948) based

most of his descriptions on those of Metcalf

(1918) and repeated Metcalf’s error in the

description of R. amhoinensis agg. Thompson’s

figure shows only two sphincters in each lip,

but as the figure is of the whole animal, de-

tails were probably overlooked in the mouth
musculature. He also reproduced Ihle’s figures

(1910) but described the animal inaccurately,

although Ihle had clearly labeled the three

sphincters in each lip.

Berner (1954) identified the aggregate form

of R. picteti by the embryo held within them

and distinguished the form chiefly by the

following features: (1) the body muscles are

composed of more fibers and are thus wierd,

and (2) the lip muscles of R. picteti include

three sphincters in each lip, whereas there are

only two in R. amhoinensis. He apparently

carried on the error of Metcalf and Thompson
in his statement that the aggregate form of

R. amhoinensis has two sphincters in each lip.

I have found two specimens of the aggre-

gate form of R. picteti in the POFI collections

as well as six specimens of R. amhoinensis and

thus have been able to make a thorough

comparison.

The major differences noted are:

1. possesses three dorsal lip sphinc-

ters (Ai, Bi, B2) and four ventral lip sphincters

(ai, a2, as, bi), one of which, a2, remains hid-

den beneath the more conspicuous as; in R.

amhoinensis there are three dorsal lip sphincters,

one of which, Bi, is very small and thus in-

conspicuous, and the ventral lip also contains

three.

2. As Berner (1954) showed, in R. picteti

upper-lip sphincter 1 (Ai) is interrupted mid-

dorsally, whereas in R. amhoinensis it is con-

tinuous.

3. The gut swelling of R. picteti is con-

spicuous and almost completely independent

of the remainder of the body (as described in

some specimens by Ihle, I9IO; thus, if this
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proves to be a useful difference, Ihle may have

examined some specimens of R. picteti agg.),

whereas in R. amboinensis it projects only

slightly and is not independent of the re-

mainder of the test.

4. The posterior end projection of R. am-

boinensis IS large and club-shaped, whereas that

of jR. picteti is small and almost filiform.

5. The anterior end projection is short and

blunt in R. amboinensis, whereas it is moder-

ately long and filiform in R. picteti. Thus, if

these last three differences are universal, these

species deviate somewhat from the usual con-

dition in salps in that the test is soft (but

permanent structures are apparently present)

and yet is useful in species distinction.

6. The endostyle extends further posteriorly

in R. picteti than in R. amboinensis.

Both specimens of R. picteti contained em-

bryos recognizable as this species, but the

gut was not yet extended (Eig. 19^). No
specimens of R. amboinensis contained em-

bryos old enough to show structures nearing

adult condition. The largest of these latter

embryos (length, 0.3 mm.) contained nine

recognizable body muscles, each of which,

however, was widely interrupted dorsally and

ventrally. A study of a nearly mature embryo
from an aggregate R. amboinensis is thus

desirable.

Genus Metcalfina Ihle and

Ihle-Landenberg, 1933

Solitary form with 10-13 asymmetric, ven-

trally interrupted body muscles; these are all

joined dorsally. Aggregate form with six ven-

trally interrupted body muscles, of which M
V and VI are independent from other body
muscles. Test of both forms is firm and bears

serrated ridges.

One species, Metcalfina hexagona.

Metcalfina hexagona
(Quoy and Gaimard) 1824

Eigs. 2Qa-d, 21a-d

Salpa hexagona Quoy and Gaimard, 1824: 505;

Bomford, 1913: 244; Oka, 1915: 30.

Salpa triangularis [?] Quoy and Gaimard^

1824: 511.

Salpa biensis [?] Blainville, 1827: 123.

Salpa lineata [?] Lesson, 1830: 268.

Salpa monotoma [.^] Quoy and Gaimard, 1834:

59T

Fig. 20. Metcalfina hexagona, solitary form, a. Whole animal, dorsal aspect; h, test, left side; c, test, ventral

surface; d, schematic cross section of test at level of ganglion.
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Salpa (Jasis) hexagona Apstein, 1894^.' 52.

Jasis hexagona Heider, 1895: 368.

Salpa {Ritteria) hexagona Metcalf, 1918: 62;

Sewell, 1926: 87.

Metcalfina hexagona Ihle and Ihle-Landenberg,

1933: 199; Ihle, 1935: 527-529; Thompson,

1948: 129.

SOLITARY FORM: More than 10 specimens

examined with length range of 48-117 mm.
with end projections (Fig. 20). Test: Traustedt

(1885) figured the test accurately; unfortu-

nately, his figures were not copied completely

by Apstein (1906^), Metcalf (1918), and

Thompson (1948), who left out the test ridges

so well shown by Traustedt. The description

of the test here agrees with that of Traustedt,

but he did not figure or describe the attach-

ment organs described here. Test firm; one

posterior projection on each side that contains

a mantle process which bears a sucker on its

tip. As Sewell (1926) pointed out, there are

on each posterior projection five [minutely

serrated] ridges. They are symmetrically lo-

cated—one dorsal, two lateral, and two ven-

tral. The lateral ridges of the projections are

continuous with the posterior ridge of test

encircling the cloacal siphon ventrally. There

are 11 longitudinal ridges—four dorsal, six

lateral, and one ventral (or four lateral and
three ventral)—and one circular posterior

ridge around the cloacal region ventrally, con-

tinuous with the posterior projections. In

small specimens, all these ridges bear small

or minute spines. In large specimens the

spines are sparse and always minute. Chin and

gut swelling moderately large. Attachment

organs are relatively numerous on this soli-

tary form; one disappears in the largest spec-

imens. There are two anteroventral attachment

organs at base of chin; a third, midventral

and anterior to gut region, interrupts mid-

Fig. 21. Metcalfina hexagona, aggregate form, a, Whole animal, dorsal aspect; b, scheme of cross section of the

test at M III level; c, test, ventral aspect; d, test, left side.
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ventral ridge; it is absent in largest specimens;

one lateral attachment organ on each side just

behind angle of mouth. Muscles: Number va-

ries, in POFI specimens ranging from 10 on

one side and 11 on the opposite side to 12

and 13, respectively; muscles usually unequal

in number on opposite sides; in POFI spec-

imens, all body muscles irregularly continuous

dorsally and connected dorsally by muscle

strands except the last one, all interrupted

rather widely ventrally (according to the fig-

ures of Traustedt, 1885, and Thompson, 1948,

however, M I and II are distinct muscle

bands); the last muscle much broader than

other muscles; M C broad, continuous dors-

ally, widely interrupted ventrally. Ciliated

groove, ganglion and eye: Ciliated groove elon-

gate, straight, simple, located between M I

•and M C or under M C; ganglion and eye

located far posteriorly, under M IV or V; eye

a modified horseshoe (see Metcalf, 1918, fig.

39) with pigment at base and at each tip.

Viscera: Gut moderately compact, in condi-

tion E (Ihle and Ihle-Landenberg, 1933);

stolon forming a weak spiral, coursing ante-

riorly, bending and coursing posteriorly on

left side of gut.

AGGREGATE FORM: More than 10 specimens

examined with length range of 2 (stolon in-

dividual)-4l mm. (Fig. 21). Test: As with the

solitary form, the aggregate form has been

figured well by Traustedt (1885), Brooks

(1893), and Apstein (1894(3). TraustedtT fig-

ure, unfortunately, is of a dissected specimen,

thus does not show the dorsal surface of the

test. Test firm, asymmetric; middorsal de-

pression thin, limited by weak grooves; dorsal

limiting ridges on either side of depression,

one always farther away from dorsal depres-

sion than other; these ridges continuing an-

teriorly into a circular ridge ringing the mouth

widely; circular ridge on this side continuing

posteriorly as lateral ridge ending after turn-

ing ventrally near level of gut; a prominent

circular projection posteriorly over gut, flat

on top and ridged; gut swelling and chin

prominent; ventrolateral ridge not serrated

except on posterior tip (no equivalent ridge

on opposite side of body)
;
on opposite side

a ventrolateral ridge (equivalent to lateral

ridge above), serrated; in ventral view, a

prominent midventral ridge over gut swelling

disappearing anteriorly, forming a small pos-

terior projection; all ridges mentioned except

ventrolateral ridge on one side (left side in

figures) and midventral ridge rather strongly

serrated; thus six longitudinal ridges, one

anterior circular one, and one posterior one

below the cloacal siphon; attachment organs

usually six—one large one at each end, one

smaller circular one just anterior and poste-

rior, respectively, to the latter, and two smaller

circular ones midventrally. Muscles: Six body

muscles, all interrupted ventrally, continuous

dorsally; M I-IV forming a group dorsally,

M V and VI independent; M V wider than

first four, M VI much wider than V; M C
broad, anterior part continuous middorsal-

ly; posterior part branching off from latter,

interrupted dorsally. Ciliatedgroove: Moderate-

ly elongate, simple. Viscera: Gut compact,

in condition E (Ihle and Ihle-Landenberg,

1933); endostyle sinuous; two to five, usual-

ly four embryos present.

Genus Thetys Tilesius, 1802

Solitary form with 16-22, aggregate form

with 5, weakly developed body muscles which

are widely interrupted ventrally. Some ofthem

are also laterally interrupted. Test firm, with

many large spines over surface but without

serrated ridges.

One species, Thetys vagina,

Thetys vagina Tilesius, 1802

Figs. 22a-d, 2'ia-d

Dagysa notata [part.] Gmelin, 1791: 3131.

Thetys vagina Tilesius, 1802: 150; Ihle, 1935:

527-529; Tokioka, 1937: 224; Thompson,

1948: 136.

Salpa tilesii Cuvier, 1804: 375.

Dagysa strumosa Home, 1814: 71.

Salpa costata Quoy and Gaimard, 1824: 504.
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Fig. 22. Thetys vagina, solitary form, a. Whole animal, dorsal aspect; b, test, right side; c, test, ventral surface;

d, schematic cross section of the test at gut level.

Salpa bigibbosa Quoy and Gaimard, 1824: 505.

Salpa gibbosa Quoy and Gaimard, 1824: 506.

Salpa infandibuliformis Quoy and Gaimard,

1824: 508.

Salpa costata-tilesii Traustedt, 1885: 379; Oka,

1915: 30.

Salpa sp. n. sp. [?] Herdman, 1888: 62.

Jasls tilesii Lahille, 1890: 11.

Salpa (Jasis) costata-tilesii Apstein, 1894^.* 50.

Salpa tilesii- costata Ritter, 1905 : 70.

Salpa vagina Ihle, 1911: 587.

Salpa {Thetys) vagina Metcalf, 1918: 121; Se-

well, 1926: 98; Stiasny, 1926: 446; Berrill,

1950: 299.

SOLITARY form: One specimen examined

with length of 123 mm. without projections

(Fig. 22). Test: Firm and thick except on

inturned lips and on cloacal siphon; large

spines occuring irregularly over whole sur-

face; a prominent posterior projection on each

side of cloacal siphon, containing tube of

mantel epithelium with no sucker; dorsal de-

pression limited by a groove on each side of

a raised middle region, the whole limited by

broad limiting elevations; shallow lateral de-

pression; midventral elevation raised over gut

and chin as swellings; transverse groove at

base of dorsal lip, continuing laterally to angle

of mouth; one swelling on each side of dorsal

surface posterior to transverse groove; base

of ventral lip with a weak circular depression;

transverse groove at base of cloacal siphon;

one short, weak, longitudinal depression

crossing each side of chin ventrally. Muscles:

Twenty weakly developed muscles (number

varies from 16 to 22 according to Thompson,

1948); all interrupted dorsally and ventrally,

often elsewhere, accompanied by prominent

blood vessels; muscles not extending to ven-

tral surface, but blood vessels do; M I-IV or

VI converge dorsally. Ciliated groove: Forming

a large open loop. Viscera: Gut large, com-

pact, in state E (Ihle and Ihle-Landenberg,

1933); located far anteriorly, at about the

posterior third of body; endostyle broad,

straight; stolon coursing anteriorly, bending

and coursing posteriorly on left side of gut

(Traustedt, 1885).
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AGGREGATE FORM: Seven specimens exam-

ined with length range of 33-71 mm. (Fig.

23). Test' Asymmetric, thick and firm except

on lips and cloacal siphon; dorsal depression

broad, extending from dorsal lip to above

cloacal siphon; a broad dorsal limiting eleva-

tion on each side; transverse groove at base

of dorsal lip; other transverse grooves and

folds occuring incidentally over test; lateral

depression shallow or forming deep grooves;

ventral surface greatly thickened, especially

over chin and gut swelling; large spines with

a rather constant arrangement over test ac-

cording to animal’s location on the stolon;

three longitudinal rows on dorsolateral eleva-

tion of one side, one row extending postero-

ventrally onto gut swelling; gut swelling with

few spines on posteroventral region; on op-

posite side of test, two longitudinal rows on

dorsolateral elevation continuing anteroven-

trally with a group of spines crossing lateral

depression, extending onto chin; several spines

present on posterodorsal and posteroventral

regions of gut swelling; one group of spines

extending transversely over dorsaj lip; scat-

tered spines in middorsal depression. Number
of attachment organs varies, asymmetric in

arrangement. Muscles: Five body muscles, in-

terrupted dorsally and ventrally, extending

only to sides of body; weakly developed,

being interrupted in various places; M I-III

converging dorsally but not touching; M V
bifurcates; prominent blood vessels accom-

panying muscles. Ciliated groove: A large open

loop. Viscera: Gut compact, in state E (Ihle

and Ihle-Landenberg, 1933); endostyle nar-

row, sinuous; three or four embryos attached

dorsally between M IV and V (Thompson,

1948).

Except for Helicosalpa komaii (230 mm.),

the solitary form of this species is the largest

of the salps (up to 226 mm. according to

Traustedt, 1885). It was well figured (solitary

form) by Traustedt (1885) and Stiasny (1926).

Fig. 23. Thetys vagina, aggregate form, a. Whole animal, dorsal aspect; b, another specimen, lateral aspect

(length, 38 mm.); c, same specimen as a, ventral aspect of test; d, schematic cross section of test at level of M III.
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The stolon individual (aggregate form) was

well figured by Traustedt (1885) and Tokioka

(1937). The preceding description (solitary

form) agrees with their reports except for

minor details.

Genus Pegea Savigny, 1816

Four ventrally interrupted body muscles in

both forms. Aggregate form with eight prom-

inent, symmetrically arranged attachment

organs.

One species, Pegea confoederata.

Pegea confoederata (Forskal) 1775

Figs. 24, 25

Salpa confoederata Forskal, 1775: 115; Bom-
ford, 1913: 244.

Biphora confoederata Bruguiere, 1789: 181.

Salpa gihha [?] Bose, 1802: 178.

Salpa soda Bose, 1802: 180.

Salpa scutigera Cuvier, 1804: 577.

Salpa octophora Cuvier, 1804: 577.

Salpa vivipara [.^] Peron and Lesueur, 1807:

pi. 31, fig. 3.

Pegea octofora Savigny, 1816: 235.

Salpa ferruginea Chamisso, 1819: 23.

Salpa informis Quoy and Gaimard, 1824 [fide

Thompson, 1948].

Salpa bicaudata Quoy and Gaimard, 1827 : 225.

Salpa laevis [.^] Lesson, 1830: 273.

Salpa nephodea [?] Lesson, 1830: 275.

Salpa dolium [.^] Quoy and Gaimard, 1834:

575.

Salpa femoralis [.^] Quoy and Gaimard, 1834:

577.

Salpa scutigera-confoederata Traustedt, 1885:

362; Oka, 1915: 31.

Salpa quadrata Herdman, 1888: 84.

Pegea confoederata Lahille, 1890: 11; Ihle,

1935: 527-529; Tokioka, 1937: 230; Ihle

and Ihle-Landenberg, 1938^.' 107; Thomp-
son, 1948: 143.

Salpa (Pegea) scutigera-confoederata Apstein,

1894^.’ 42.

Salpa (Pegea) scutigera-confoederata forma hi-

caudata Apstein, 1894<^.‘ 43.

Salpa confoederata-scutigera Ritter, 1905 : 80.

Salpa (Salpa) confoederata Streiff, 1908: 32.

Salpa (Pegea) confederata Metcalf, 1918: 127;

Berrill, 1950: 297.

Salpa (Pegea) confederata bicaudata Metcalf,

1918: 139.

Salpa (Pegea) confoederata Sewell, 1926: 100;

Stiasny, 1926: 448.

SOLITARY form: More than 10 specimens

examined with length range of 14-85 mm.
(Fig. 24). Test: There are two different forms

of this animal, the one characteristic of larger

specimens, the other of smaller specimens.

In the large form, test usually pear-shaped,

smaller posteriorly, thick on ventral surface,

especially over gut; dorsally a broad, slightly

thickened elevation extending from upper lip

to cloacal opening; this elevation limited lat-

erally by one dorsolateral groove on each side;

test very thin and flabby on lateral surface,

therefore with no permanent shape; a prom-

inent ventral elevation limited on each side

by a ventrolateral groove; gut swelling prom-

inent, produced as an additional swelling over

the elaeoblast; test in all specimens examined

not spiny, but earlier investigators have noted

serrations on some specimens. In the small

form, test pear-shaped, thick all over, firm,

smaller posteriorly than anteriorly; on dorsal

surface a shallow depression or deep groove

extending from upper lip to cloacal opening;

this depression limited by dorsal elevations;

laterally a shallow depression extending from

angle of mouth almost to region of gut; ven-

trally a rather strong elevation extending from

lower lip almost to cloacal opening; this ele-

vation further raised over elaeoblast as a disc-

like bulge and bearing a far anterior small

circular depression in which is located an at-

tachment organ. The smaller form agrees

more closely to the type set up by Stiasny

(1926), but individuals are often different

from his type. Thus, this animal deviates from

the conclusion set up earlier here; that is,

even though its test is firm and there may be

grooves (but no ridges), these grooves prob-

ably are not permanent, and a definite "type”
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cannot be established for it. Stiasny (1926)

figured and described a longitudinal depres-

sion midventrally, limited to the anterior part

of the test. I have not seen such a depression

on any of my specimens, but in all the smaller

ones there is a small circular depression for

an attachment organ, which perhaps is what

he saw. This is absent in larger specimens.

The elaeoblast is relatively much larger in

smaller specimens but is always a much-

flattened disc. Muscles: Four body muscles;

M I and II converging dorsally as do M III

and IV; laterally all muscles diverging from

one another, thus forming two X-shaped fig-

ures dorsally; muscles short. Ciliated groove:

A large vertical loop whose ends approach

one another anteriorly. Viscera: Gut compact,

in state H (Ihle and Ihle-Landenberg, 1938^)

;

elaeoblast forming a disc beneath gut; stolon

encircling gut closely; endostyle weakly sinu-

ous; on each side of endostyle at level of gut,

a row of raised projections which have been

noticed only by Ihle and Ihle-Landenberg

(1938^), who described them as 'Taken des

Pharynxbodens” (/in Fig. 24). (These are

not present in the aggregate generation.)

AGGREGATE FORM: More than 10 specimens

examined with length range of 4-48 mm.
(Fig. 25). Test: Loose, flabby, thin except

around gut swelling and occasional thickened

regions; gut swelling prominent, bearing

ridges or elevations above and below a cir-

cular longitudinal depression which is very

shallow; ventral surface usually with a rather

thickened narrow elevation; thin membranous
sheets of test material may extend loosely out

from gut swelling; in bicaudate specimens,

two triangular extensions of test containing

mantle epithelium extending dorsolaterally

over gut swelling, one to each side of cloacal

opening; on all specimens, two lateral and

twd ventral attachment organs on each side

of body, making a total of eight; attachment

organs tubular, prominent, symmetrical. Sti-

asny (1926) figured prominent ridges both

ventrally and dorsally in addition to the gut

ridges. My specimens do not agree with this;

as the test is flabby, presence of depressions

and elevations is considered here to be a

matter of chance. The cloacal siphon forms

a weak flap. Muscles: As in the solitary form,

M I and 11 form an X-shaped group dorsally,

as do M III and IV; they extend only to the

lateral surface. Ciliated groove: Forming a large

loop whose ends approach anteriorly. Viscera:

Gut compact, in state C of Ihle and Ihle-

Landenberg (1933); endostyle sinuous; em-

bryo on right dorsal region between M III

and IV.

The subspecies bicaudata of Metcalf (I9I8)

is perhaps only a slight modification of

the typical form. Sewell (1926) stated: "I

Fig. 24. Pegea confoederata, solitary form, left side.
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Fig. 25. Pegea confoederata, aggregate form, left side.

can see no justification for considering the

hicaudata form to be even a variety, and much
less a distinct subspecies, as Metcalf has

done.” Although I have seen only a few (all

very small) specimens of this form, and thus

little intergradation, Sewell’s reckoning is

considered probably correct here, and the bi-

caudate individuals are not given subspecific

status.

Genus Traustedtia Metcalf, 1918

Solitary form with 7 to 25 tentacles, aggre-

gate form with two or three. Solitary form

with five, gregarious form with four, body

muscles that are widely interrupted ventrally.

One species, Traustedtia multitentaadata.

Traustedtia multitentaculata

(Quoy and Gaimard) 1834

Figs. 2(sa-e, 21a-d

Salpa multitentaculata Quoy and Gaimard,

1834: 596; Bomford, 1913: 244.

Salpa henseni Traustedt, 1893: 9-

Salpa verrucosa Apstein, 1894^; 12.

Salpa {Traustedtia) multitentaculata Metcalf,

1918: 147; Oka, 1921: 1; Sewell, 1926: 105.

Salpa {Traustedtia) multitentaculata hicristata

Metcalf, 1918: 143.

Salpa {Traustedtia) radiatayittC2i\{, 1918: 152.

Salpa {Traustedtia) henseni Oka, 1921: 10-14.

Traustedtia multitentaculata Ihle, 1935: 527-

529; Tokioka, 1937:230; 1938:234; Thomp-
son, 1948: 147.

SOLITARY form: Five specimens examined

with length range of 2-16 mm. (without pro-

jections) (Fig. 2Ga). Test: Thick, especially on

crests, gut swelling, chin, and lips; in dorsal

view, a raised median depression extending

posteriorly to form the cloacal flap, anteriorly

to the greatly thickened transverse ridges of

the upper lip; continuing anterolaterally with

a vertical elevation that joins its fellow of the

opposite side midventrally under the chin;

dorsal depression limited by grooves or de-

pressions on each side which form the bases

of the prominent dorsal limiting ridges

(crests)
;
crest covered with peculiarly shaped

spines (see Fig. 26c, also Apstein, 1894, Taf.

II, fig. 13), continuing with one break pos-

teroventrally below and behind cloacal open-

ing, meeting fellow of opposite side there;

cloacal flap bearing a small projection on each

side; each crest bearing a moderately long

tentacle directed posteriorly; a posteroventral

unpaired tentacle, which is doubtless the re-

mains of the elaeoblast attachment as sug-

gested by Thompson, projecting posteriorly;

10 other paired tentacles on posterior lateral

to ventral anterior surface, some of which

may be quite long; thus, a total of 25 tentacles

present in this specimen; chin and gut swell-

ing prominent; ventral lip bearing several

ordinary spines and a median row of peculiar

flattened spines (Fig. 2Gd)\ dorsal lip with

two high transverse ridges at base; internal

surface of dorsal lip bearing a series of longi-

tudinal and transverse grooves and ridges that

are serrated; chin smooth or serrated. Muscles:

Three main muscle masses— first including

fused M I-III, second large M IV, and third,

M V and x; all except V branching on each

side; M IV and V joining ventral cloacal

muscles; all muscles extending only a short

distance laterally. For descriptions of mouth
and cloacal muscles, see Metcalf (1918), Oka

(1921), Sewell (1926), and Thompson (1948).

Ciliated groove: Simple, straight, located di-

rectly under ganglion and eye. Viscera: Gut
forming an elongate loop, in state D of Ihle

and Ihle-Landenberg (1933) (Fig. 26^); stolon

forming a loose circle around gut; endostyle

extending anteriorly to base of ventral lip.
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Fig. 26. Traustedtia- multitentaculata, solitary form, a. Whole animal, right side, slightly from the front; b,

schematic cross section of the test between M III and IV; c, body spine, 48 X; d, ventral lip spines, 24 X; e, gut

from right side.

AGGREGATE FORM: Six Specimens examined

with length range of 4-13 mm. without pro-

jections (Fig. 27). The figures of Traustedt

(1893), and especially Tokioka’s descriptions

and figures (1938), are excellent. The tentacles

of this form are at most three, usually two.

In addition, however, there are attachment

organs that Sewell (1926) considered tenta-

cles; this error was corrected by Thompson
(1948). TesL' Stiff, thick in all areas, especially

on chin and gut swelling; mantle often far

separated from test dorsally; weak dorsal ele-

vation extending from base of cloacal flap

to base of dorsal lip, limited by transverse

grooves at these places; cloacal flap very large;

laterodorsally, a bulging limiting elevation on

each side of dorsal elevation, continuous to

chin and posteriorly forming tentacle; ten-

tacles three in young specimens: two lateral

posterior, and one median posterior projecting
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from end of gut projection; larger specimens

without midposterior tentacle; Sewell (1926)

and Tokioka (1938) figure those of the small

individuals as possessing transverse constric-

tions, as do small POFI specimens, but the

constrictions are much sparser here; tentacles

flat at base, filamentous distally, with one

dorsal ridge, and one ventral ridge which is

continuous with posterior ridge that fuses

with its fellow of the opposite side over gut;

in lateral view, a broad lateral depression or

narrow groove, ventral to dorsal limiting ele-

vation, extending from base of tentacle to

chin, which is smooth in POFI specimens,

contrary to Sewell (1926, fig. 40) and the

statement of Thompson (1948: 152); a broad

ventral elevation extending from chin into

gut swelling; posteriorly gut swelling forming

a prominent projection bearing six large

spines; four symmetrically arranged attach-

ment organs on each side. The depressions

and elevations of the test are variable. Muscles:

Two main masses, of which the first consists

of M I-II, the second of M III-IV and x;

first muscle mass interrupted dorsally, second

forming a distinct joint dorsally, as shown

by Tokioka (1938); M IV does not help form

ventral cloacal muscles, contrary to figures of

Apstein (1904) and Thompson (1948); mus-

cles extend only a short distance toward ven-

tral surface. For a complete description of

mouth and cloacal muscles, see Tokioka

Fig. 27. Traustedtia multitentaculata, aggregate form, a, Schematic cross section of the test at level of M II;

b, whole animal, dorsal aspect; c, test, ventral aspect; d, test, right side.
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(1938). Ciliated groove: An open crescent; a

broad languet below ciliated groove at junc-

tion with gill (Tokioka, 1938, fig. 5). Viscera:

Gut forming elongate loop in which course

of intestine is obscured by large number of

testis lobules; in condition D of Ihle and

Ihle-Landenberg (Tokioka, 1938); gut con-

nected by long mantle projection with pos-

terior gut projection; the mantle projection

extending into median posterior tentacle, if

present, as shown by Tokioka (1938); endo-

style weakly sinuous; embryos two, lateral to

joint ofM III-IV on right side.

All the solitary forms described by Met-

calf (1918) are probably one species, as Sewell

(1926) believed. Oka (1921), however, recog-

nized two species, Salpa {Traustedtia) multiten-

taculata and 5. (T.) henseni, the latter being

Metcalf’s S. (T.) radiata, on the basis of the

presence of eight tentacles in the former (ac-

cording to my classification, 13, as he did not

include in his count two paired and one un-

paired pointed processes which are essentially

similar to tentacles) and 20-23 in the latter.

The conclusion that there is only one species

is supported by the great variation in number
of tentacles (varying from 7 to 25 in POFI
specimens) and the probability that the radi-

ate forms described by Apstein (1906^) and

Dober (1912) simply were flattened dorso-

ventrally, giving the impression of a radiate

form; this probably also explains the hori-

zontal position of the gut of these specimens,

as Sewell (1926) remarked. Sewell stated that

differences in details of musculature are often

due to conditions of preservation, which per-

haps is the cause of differences described by
Metcalf (I9I8). Both Oka (1921) and Sewell

(1926) considered Metcalf’s subspecies bicris-

tata to be invalid. In POFI specimens the

crested condition is one of intergradation, but

crests are always present, apparently due to

age differences. In one small (2 mm.) indi-

vidual the crests are very small; they become
more pronounced in larger individuals.

The only basis for considering the various

forms distinct, according to Oka (1921) and
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Sewell (1926), is the different number of ten-

tacles. Sewell (1926) distinguished between
"true tentacles” and projections that pene-

trate the test but do not extend beyond the

body margin. This, however, is probably only

a condition of age and is not considered a

useful distinction except for descriptive pur-

poses. Oka (1921) remarked on the probable

similarity of his "tentakeln” and "kurze . . .

Anhange” which projected from each side-

wall of the cloacal opening. He also referred

to "verborgene Tentakel” (those projecting

into the crests and the unpaired posterior

one). He did not describe any other projec-

tions. In the largest POFI specimen (Fig.

2‘ba) all projections are of the true tentacle

type, although many project only slightly be-

yond the test margin. In Sewell’s (1926) and

Thompson’s (1948) specimens, there were

nine tentacles present, including those not

projecting beyond the body margin; in Ap-

stein’s (1894^) specimen there were eight,

but, as Sewell (1926) remarked, there possibly

were 13; in Metcalf’s (1918) specimen and

in Oka’s (1921), 13 tentacles; and in Apstein’s

(1906^) and Dober’s (1912) specimens, there

were 20 and 23 tentacles present. Sewell (1926)

thought there was a possibility that the differ-

ences were due to either geographic variation

or variation in size. POFI specimens seem to

confirm the latter conclusion as the number

of tentacles is less with the smaller individuals

and greater with larger ones. The smallest

(2 mm.) specimen examined bore no "true

tentacles” but bore seven mantle projections:

one unpaired posterior; one pair of postero-

lateral projections (the "posterior tentacles”

of Sewell and Oka and tentacle 6 of Metcalf)

;

one pair of projections in the cloacal siphon

(5 of Metcalf); one pair in the posterior part

of the crests (4 of Metcalf)

.

Further, in a specimen of 7 millimeters

length, the projections are still not "true ten-

tacles.” This specimen is so poorly preserved,

however, that I am unable to ascertain the

number of projections present.

In another specimen, 11 millimeters long,
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the same relationships exist as in the 2-milli-

meter specimen described above, except the

posterolateral projections (6 of Metcalf) are

true tentacles and of the same length as the

body.

In the largest specimen examined (16 mm.)

there are 25 tentacles, as described above.

Thus, it is my belief that the tentacles also

do not show variations that would lead to

the separation of any of Metcalf’s forms from

the main species. It would be desirable to

re-examine some of the larger specimens (for

example. Oka’s specimen of 23 mm. length),

described as possessing 13 or fewer tentacles,

with the use of toluidin blue. If these large

specimens actually possess only 13 or less

tentacles, then T. henseni should probably be

recognized also, as Oka (1921) has done.

All aggregate forms described to the present

time have been regarded as only one species,

T. multitentaculata, and all POFI specimens

agree with this conclusion.

Genus Thalia Blumenbach, 1810

Solitary form with five body muscles of

which the first four form rings; aggregate

form with five ventrally interrupted body mus-

cles, with a short endostyle. Languet present

in both forms ventral to the ciliated groove.

Two species, Thalia democratica (type) and

T. longicauda. The latter species has not been

found in the collections studied.

Thalia democratica (Forskal) 1775

Figs, l^a-e, 29a-f

Salpa democratica Forskal, 1775: 113; Bom-
ford, 1913: 244.

Salpa mucronata Forskal, 1775: 114.

Biphora democratica Bruguiere, 1789: 180.

Biphora mucronata Bruguiere, 1789: 181.

Salpa cyanogaster [.^] Peron and Lesueur, 1807:

fig. 3.

Thalia Ungulata Blumenbach, 1810: (30).

Salpa spinosa Otto, 1823: 303.

Fig. 28 . Thalia democratica, solitary form, a, Echinate form, dorsal aspect; b, another specimen, test, right side;

c, same specimen as b, schematic cross section of test at level of M III; d, same specimen, test, ventral surface;

e, nonspiny form,, dorsal aspect.
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Salpa rhomhoides [?] Quoy and Gaimard, 1824:

510.

Salpa rhomboidea [.^] Blainville, 1827: 115.

Dubreuillia cirrhosa Lesson, 1830: 278.

Salpapyramidalts [.^] Quoy and Gaimard, 1834:

593.

Salpa caboti Desor, 1848: 75.

Salpa democratica-mucronata Traustedt, 1885:

365.

Thalia mucronata Lahille, 1890: 11.

Salpa {Thalia) democratica-mucronata Apstein,

1894^; 44.

Thalia democratica Heider, 1895: 368; Ihle,

1935: 527-529; Thompson, 1948: 139.

Salpa {Salpa) mucronata Streiff, 1908: 38.

Salpa {Thalia) democratica yiexcAi, 1918: 109;

Sewell, 1926: 92; Stiasny, 1926: 441; Ber-

rill, 1950: 291.

Thalia democratica var. orientals Tokioka,

1937: 226.

Thalia democratica var. orientals forma echinata

Tokioka, 1937: 229.

SOLITARY FORM: More than 10 specimens

examined with length range of 4-9 mm.,

without projections (Fig. 28). Test: The echin-

ate form (Fig. 28^) is discussed first. Test

thick, especially over gut; gut swelling bearing

two projections, one posterior and one ven-

troposterior; one usually long, lateral poste-

rior projection on each side of body having

no ridges but bearing many minute spines;

one dorsolateral projection on either side of

cloacal flap (atrial palp of Tokioka, 1937),

ridged, bearing minute spines; each dorso-

lateral projection bearing a truncate medial

portion extending posteriorly; one ventro-

lateral projection, usually smaller than the

dorsolateral projection, extending posteriorly

on each side of gut region; each a simple

projection bearing minute spines; latter may
be lacking, as Tokioka (1937) reported; thus,

a total of six posterior projections of body
and two of gut swelling; anteriorly, test trun-

cate, ringed by an echinate ridge, with anter-

riorly projecting lip flaps; transverse dorsal

groove at base of dorsal lip lying posterior to

two bulges, one on each side of dorsal de-

pression; dorsal depression widening ante-

riorly and posteriorly, limited by dorsolateral

limiting elevations that continue posteriorly

into lateral ridges of dorsolateral projections;

in posterior widening of dorsal depression,

high triangular cloacal flap projecting poste-

riorly, bearing a dorsal echinated ridge on its

margin, a ventral heavily fringed margin be-

low; ventral lip of cloacal opening similarly

fringed, margined by a deep transverse groove;

a deep lateral depression (seldom, a groove)

present; a ventrolateral elevation, continuous

with ventrolateral projections, coursing an-

teriorly; ventral surface bearing a midventral

depression limited by midventral limiting

ridges originating at ventrolateral projections;

a prominent short midventral ridge present

beneath chin. The smooth form is much like

the above, having the same projections on

the posterior end (often the ventrolateral pro-

jections are absent as in Fig. 28^), same cloacal

flap structure, and the anterior ridge around

the mouth; dorsal depression and limiting

ridges present (these may be only elevations)

.

The test, however, is not spiniferous ven-

trally and is sparsely so dorsally; it is thin

and flabby. The muscles of this form are

narrower than those of the echinate form.

Muscles: One large bow muscle (C) inter-

rupted dorsally, continuous ventrally; five

body muscles present; M I-IV continuous

dorsally and ventrally; M V continuous dors-

ally, narrowly interrupted ventrally (Metcalf,

I9I8, says M V is continuous ventrally, but

all other investigators described it as inter-

rupted, as here); M I-III converge in mid-

line dorsally as do M IV and V, thus forming

two dorsal groups; M III and IV converge,

usually touch midventrally. Ciliated groove:

Far separated from ganglion and eye, bearing

a languet projecting ventrally into the phar-

yngeal cavity. Viscera: Gut elongate and U-

shaped, in state B (Ihle and Ihle-Landenberg,

1933); projecting far into gut swelling; endo-

style extending only from level of M III

forward; stolon forming a close circle or spi-

ral around gut.
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AGGREGATE FORM: More than 10 specimens

examined with length range of 1-12 mm.
(Fig. 29). Tes^' The echinate form (Fig. 29^)

is discussed first. Test asymmetric, thick,

stiff, with prominent, sparsely spiniferous

ridges and with deep grooves and depressions;

middorsal depression (limited to anterior re-

gion in some specimens) limited by spinifer-

ous dorsal limiting ridges; depression con-

stricted at base of dorsal lip, widening ante-

riorly around mouth; a transverse ridge in

front of cloacal flap; cloacal flap hemispherical

rather than triangular, fringed as in solitary

form; gut swelling projecting in a point to-

ward rear (this may be very long in young

specimens as figured by Apstein, 1906^^, Se-

well, 1926
,
and Tokioka, 1937), bearing five

spiniferous ridges that are usually symme-

trically arranged; lateral ridges asymmetric,

spiniferous; anterior end almost truncate; ven-

trally a single deep groove in a broad depres-

sion cut off anterolaterally by an oblique

spiniferous ridge that connects with anterior

end; gut swelling with a strong ventral ridge;

attachment organs varying in number, elon-

gate and filiform (but usually not projecting

beyond test margin) . There is a great amount

of test variation as reported by Stiasny (1926).

In the smooth form (Fig. 29^), test flabby,

without spines of any kind, with long attach-

ment organs usually projecting beyond test

outline; no permanent ridges or grooves, but

there may be depressions and elevations; pro-

truding gut swelling; cloacal flap with fringes.

Muscles: Five body muscles; M V relatively

narrow; all muscles continuous dorsally, in-

terrupted ventrally; M I-III in contact dors-

ally, forming a group as do IV and V.

Ciliated groove: Far anterior; simple, with a

languet projecting into pharynx. Viscera: Gut
compact, in condition B (Ihle and Ihle-

Landenberg, 1933); elongate; protruding far

into gut swelling; endostyle short, extending

anterior to level of M I or II only; embryo
far behind M IV on right ventral body wall.

The variety orientalis recognized by Tokioka

(1937 ) is based on the following differences:

Fig. 29. Thalia democratica, aggregate form, a, Echin-

ate form, dorsal surface; b, same specimen, test, ventral

surface; c, same specimen, test, right side; d, same
specimen, schematic cross section of test at level of

M III; e, smooth form, right side, slightly dorsal;

/, scheme of cross section of test at gut swelling of

specimen in a.
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small size; atrial palp bifurcated; smooth ap-

pearance of the testis lobes. Moreover, he

distinguished the form echinata on the basis

of "the existence of several spiniferous ridges

on the testa." Sewell (1926) also distinguished

a spiniferous form and found them to be

uniformly of a smaller size than Atlantic spec-

imens. In the POFI collections there are also

two forms distinguishable on the basis of test

differences, the one an echinate form, the

other a smooth form; both are small. There

are, however, among solitary individuals, in-

tergrading degrees of echination, but con-

clusions on the validity of Tokioka’s variety

and form deserve further study, especially of

a series of specimens from different oceans.

Although this species is the most common
salp of warm seas (Apstein, 1906^), it is not

one of the better known in regard to test

structure. Apstein (1906^) figured the ech-

inate aggregate form well, as did Stiasny

(1919) and Tokioka (1937). The smooth form

of both generations was well figured by Sti-

asny (1926). It is felt, however, that the fig-

ures in the present report are more thorough

than previous ones as a result of staining.

Genus Iasis Savigny, 1816

Solitary form with five broad, dorsally and

ventrally interrupted body muscles and with

a broad M C. Aggregate form with five body

muscles of which the first is interrupted dors-

ally and ventrally, the remainder only ven-

trally; M V is branched into two parts on the

right side.

One species, lasts zonaria.

Iasis zonaria (Pallas) 1774

Fig. 30^-/

Holothurium zonarium Pallas, 1774: 26.

Salpa polycratica Forskal, 1775: 116.

Biphora zonaria Bruguiere, 1789: 182.

Salpa zonaria Chamisso, 1819: 12; Bomford,

1913: 245.

Salpa cordiformis Quoy and Gaimard, 1827:

226 .

Salpa microstoma Quoy and Gaimard, 1827:

226 .

Salpa unicuspidata Blainville, 1827: 116.

Salpa quadrangularis [.^] Lesson, 1830: 268.

Salpa tricuspidata [.?] Lesson, 1830: 272.

Salpa cordiformis-quadratica Vogt, 1854: 7.

Salpa cordiformis-zonariaTtdiMsiQdit, 1885: 382;

Oka, 1915: 30.

Salpa nitida [.?] Herdman, 1888: 81.

Jasis polycratica Lahille, 1890: 11.

Salpa {Jasis) cordiformis-zonaria Apstein,

1894^.' 51.

Jasis zonaria Heider, 1895: 368.

Salpa zonaria-cordiformis Ritter, 1905: 76.

Salpa {Salpa) zonaria Streiff, 1908: 45.

Salpa {Iasis) zonaria Metcalf, I9I8: 100; Sti-

asny, 1926: 434; Berrill, 1950: 295.

Salpa {Jasis) zonaria Sewell, 1926: 88.

Iasis zonaria Ihle, 1935: 527-529; Tokioka,

1937: 223; Thompson, 1948: 132.

SOLITARY form: More than 10 specimens

examined with length range of 16-51 mm.
(Fig. 30^-^). Best: Firm, elongate; moderately

thick; mouth a broad slit; dorsal depression

extending to base of upper lip, limited by

dorsal limiting elevations; a lateral ridge on

each side of latter gradually disappearing an-

teriorly; posteriorly, lateral ridges ascending

to pointed, short, dorsal projections; a pos-

terior ridge extending from the latter ven-

trally, fusing with its fellow of the opposite

side midventrally at the longer, unpaired, me-

dian posterior projection; projections prom-

inent in lateral view; a deep lateral groove,

or a wide depression as shown by Brooks and

Stiasny, gradually forming ventral and ante-

rior to dorsal posterior projections, continu-

ing anteriorly to the front third of body; a

ventrolateral ridge extending from gut swell-

ing, coursing anteriorly up to ventral lip; gut

swelling moderately large; midventral ridge

on posterior region of gut swelling; mid-

ventral depression coursing anteriorly from

this to base of lower lip; this depression raised

slightly in cross section, limited on each side

by deep grooves; ventrolateral elevation bear-

ing a ventrolateral ridge (which may be weak)
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Fig. 30 . lash zonaria. a. Solitary form, dorsal aspect; b, same specimen, ventral surface of test; c, same specimen,

schematic cross section of test at level of M III; 7, another specimen, dorsal aspect of eye and ganglion; e, same
specimen as a, test, left side; /, aggregate form, dorsal aspect; g, another specimen, test, ventral surface; h, schematic

cross section of test at level of M IV; /, same specimen as g, test, left side.
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swinging outward at level of gut swelling and

inward toward anterior third of body; cloacal

flap of two fused halves, fringed as in Thalia

democratica; transverse groove anteriorly at

base of flap, posteriorly around cloacal open-

ing. Muscles: M C and the five body muscles

are broad; all muscles interrupted dorsally and

ventrally; M V relatively narrow, extending

only a short distance toward ventral surface.

Ciliatedgroove
,
ganglion and eye: Ciliated groove

simple, straight, located between the two bow
muscles; ganglion and eye between M C and

M I; eye may be transversely elongate (Fig.

l)Od). Viscera: Gut in condition D of Ihle and

Ihle-Landenberg (1933) ;
stolon forming circle

around gut, opening to outside of test by

means of a posterior opening just above gut

(small in Fig. 30^ but may be much larger).

AGGREGATE FORM: More than 10 specimens

examined with length range of 19-37 mm.
(Fig. 30/-/). Test: Asymmetric; consistency

as in solitary form; dorsal depression (raised

in cross section) with deep groove on each

side but without fine median ridge described

by Stiasny (1926), extending to base of upper

lip; dorsal limiting elevations may bear a weak

ridge on each side of depression; anteriorly

both lips project dorsally prominently; a

prominent chin forming anterior to lower lip;

laterally a deep lateral groove (often a broad

depression) extending from region of cloacal

flap to level of mouth (weak ridges may
course above and below this); lips and chin

prominent in lateral view; ventrolateral ele-

vation extending posteriorly as a ridge onto

posterior projection; gut swelling prominent;

on ventral surface, a broad, raised in cross

section, midventral depression with a deep

groove on each side, extending to chin; lim-

ited by ventrolateral elevations; rear projec-

tion always on right side, usually long but

may be short; a broad, long mantle process

extending into posterior projection; attach-

ment organs prominent; two anteriorly di-

rected, one ventrally directed on chin; two

midventral, raised on an elevation; three pos-

terior, raised on an elevation of gut swelling.

The number described is the maximum num-
ber as reported by Streiff (1908) and Stiasny

(1926). Some individuals may deviate from

this maximum (Fig. 30g). Further, Stiasny

shows two prominent lateral ridges rather than

a single lateral groove. He also shows prom-

inent dorsal ridges ("Crista”) which are usu-

ally only rounded elevations on the specimens

examined here, but in general his description

is applicable. Muscles: Five body muscles (M
C is not shown in figure)

;
all interrupted ven-

trally, M I interrupted dorsally as well; M V
dividing into two branches on right side,

remaining single on left. Ciliated groove: Sim-

ple, anterior to M I. Viscera: Gut compact,

in condition F of Ihle and Ihle-Landenberg

(1933); testis projecting as lobules around

gut; up to five embryos present dorsally on

right between M IV and V.

This species is morphologically one of the

best-known salps as its test has a different

refractive index than water, even though it is

transparent. The test has been figured well

by Brooks (1893) and Stiasny (1926) and

described in detail by Stiasny.
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Some Polyclad Flatworms from the Hawaiian Islands

Libbie H. Hyman^

One may suppose that a rich polyclad fauna

exists along the shores of the Hawaiian Is-

lands, but our knowledge of Hawaiian poly-

dads is, in fact, very limited. As far as I can

ascertain, only the following species are re-

corded from the Hawaiian Islands in the

literature; Planocera hawaiiensis Heath, 1907;

Taenioplana teredini Hyman, 1944; and Sty-

lochoplana inquilina Hyman, 1950. The first

merits further examination, but the specimens

cannot be located. Three further species from

Hawaii have been received for identification,

from the United States National Museum,
and furnish the material for the present article,

which thus adds something to our small

knowledge of the polyclad fauna of these

islands. All three species belong to the Aco-

tylea and to the section Schematommata. As

the taxonomic categories that concern these

three species have been carefully defined in

a recent publication (Hyman, 1953^), there

appears no need for repetition of these def-

initions here.

Family LEPTOPLANIDAE

Euplana tropicalis n. sp.

Fig. 1

The species is based on one specimen that

was collected near Kapoho, Hawaii, Septem-

ber 25, 1929 . The species is rather large, of

elongated oval form, 38 millimeters long by

17 millimeters wide (Fig. la), but, as it is

evidently contracted, it presumably reaches

a much greater length. The specimen had

acquired the usual dark-brown color typical

of museum specimens but in life was prob-

ably tan with dark-brown spots. The tenta-

cular eyes form small but conspicuous clusters

of about 10 eyes on one side and 15 on the

other, but the cerebral eyes could not be made
out satisfactorily. They appeared to be very

few in number and were seen chiefly on one

side. The form of the pharynx as far as seen

and the locations of mouth and gonopores

appear in Figure la.

The posterior half was removed and the

region of the copulatory complexes sectioned

sagittally. The histological condition is poor,

but the parts of the complexes were followed

satisfactorily and are represented in schematic

sagittal view in Figure lb. Both complexes

appear unusually sinuous, much more so than

as represented in the figure, but whether this

is natural or the result of the contraction of

the specimen is uncertain. The complexes

occur shortly behind the pharynx as is usual

in the Leptoplanidae. The gonopores are

widely separated. The male gonopore leads

into a somewhat expanded male antrum lined

with a sinuous epithelium and bearing at its

inner end a small penis sheath. From this a

long penis pocket proceeds anteriorly, sur-

1 American Museum of Natural History. Manuscript
received June 19, 1953.
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Fig. 1. Euplana tropicalis. a. Entire specimen; b, sagittal view of the copulatory complexes from sections.

1, Cerebral eyes; 2, tentacular eyes; 3, pharynx; 4, mouth; 5, male gonopore; 6, female gonopore; 7, male antrum;

8, penis sheath; 9, penis pocket; 10, penis papilla; 11, ejaculatory duct; 12, seminal vesicle; 13, horns of seminal

vesicle or spermiducal bulbs; 14, sperm duct; 15, female antrum; 16, vagina; 17, uteri; 18, entrance of oviduct

into vagina; 19, Lang’s vesicle.
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rounded by dense mesenchyme, and after

bending dorsally terminates in a slightly ex-

panded chamber housing the elongated, con-

ical penis papilla. The central duct of the

papilla, or ejaculatory duct, proceeds forward

and downward very sinuously and becomes

continuous with the central part of a tripartite

seminal vesicle. This has pronounced muscu-

lar walls of chiefly circular fibers. It is very

peculiar in that one horn of this tripartite

structure descends ventrally, receiving one

sperm duct, and the other ascends dorsally,

receiving the other sperm duct. This lack of

bilateral symmetry in the entry of the sperm

ducts into the seminal vesicle is certainly very

unusual. Possibly the two horns of the tripar-

tite seminal vesicle should be regarded as

spermiducal bulbs, that is, as thickened term-

inations of the sperm ducts.

The female gonopore leads into a short,

expanded antrum from which the vagina pro-

ceeds forward and then dorsally in a very

sinuous manner, not indicated in the figure.

Shortly after bending from a vertical to a

horizontal position, the vagina receives the

common oviduct and then continues as an

oval Lang’s vesicle. The female tract through-

out has a well-developed muscular coat of

mainly circular fibers. The same peculiar asym-

metry seen in the entry of the sperm ducts

into the male apparatus also obtains in the

entry of the oviducts into the vagina. As

shown in Figure lb, one oviduct is situated

ventrally, the other dorsally. Cement glands

were not evident, no doubt because of the

poor histological condition. The uteri also

could not be traced anteriorly.

A penis papilla at the inner end of a long

male antrum guarded distally by a penis

sheath also characterizes two other species of

Euplana—concolor Meixner, 1907, and clipper-

toni Hyman, 1939. However, a penis stylet is

present in the latter, and the Lang’s vesicle is

very small in the former. Further, no other

species of Euplana has the peculiar asym-

metry of the sperm ducts and the oviducts

that distinguishes E. tropicalis.

The holotype has been deposited in the

United States National Museum in the form

of slides bearing the anterior half mounted

whole and the copulatory complexes as sagit-

tal serial sections.

Family PLANOCERIDAE

Paraplanocera oligoglena

(Schmarda) 1859

One specimen of this species, collected by

H. W. Henshaw at Hilo, Hawaii (no date),

was sent as a whole mount. The specimen

was much ruffled, measuring 33 millimeters

in length by 28 millimeters in breadth. The

features of the copulatory apparatuses, in-

cluding the two large teeth at right angles to

each other in the cirrus sac, were readily seen

in the whole mount and considered to es-

tablish the identification without the necessity

of sections. This species is cosmopolitan in

tropical and subtropical waters and has been

recorded from a number of localities in the

Indo-Pacific region, further from the Gulf of

California (Hyman, 1953^.' 353-357). The

whole mount has been returned to the U. S.

National Museum.

Planocera pacifica n. sp.

Figs. 2, 3

A fine, perfect specimen was taken in the

Hawaiian Islands by P. S. Galtsoff, July 27,

1930, in the evening, hence presumably swim-

ming at the surface. The specimen (Fig. 2)

is of broadly oval form, with ruffled margins,

40 millimeters long by 25 millimeters wide.

The color is indeterminable, but the worm
appears thin and transparent. There is a pair

of conspicuous conical tentacles near the

brain, far back from the anterior margin. A
ring of tentacular eyes occurs at the base of

each tentacle. The fairly numerous, small cere-

bral eyes (Fig. 3^) are more abundant anterior

to than behind the brain level. The broad,

ruffled pharynx with about six main lateral

folds on each side occupies approximately the

central region of the worm (Fig. 2), and di-
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Fig. 2. Planocera pacifica, entire specimen. 1, Cerebral

eyes; 2, tentacular eyes; 3, pharynx; 4, mouth; 5, male

gonopore; 6, female gonopore; 20, brain; 21, tentacles;

22, prostatic vesicle; 23, cirrus sac; 24, large teeth of

cirrus sac; 25, uterine sac; 26, bulbous antrum; 27,

cement glands.

rectly behind it is seen the male copulatory

apparatus, armed near the male gonopore with

three large teeth. Behind this is seen the bulb-

ous termination of the female copulatory ap-

paratus. To either side of the male apparatus

there occurs a sacciform enlargement of the

uterus, presumably for the purpose of storing

eggs. Such sacs are unusual in acotylean poly-

clads. The details of the copulatory appara-

tuses, insofar as they could be seen in the

cleared whole specimen, are shown in Figure

3^.

For species discrimination, it was consid-

ered necessary to remove the copulatory re-

gion of the worm and section it sagittally.

A view of the copulatory complexes as con-

structed from the series of sagittal sections is

given in Figure 3c. At the anterior end of the

male apparatus is seen the elongated, curved

seminal vesicle closely applied to the ventral

wall of the prostatic vesicle. The common
sperm duct enters the ventral surface of the

seminal vesicle, passes slantingly and upward

in the muscular wall of this vesicle, then turns

back and becomes the lumen of the vesicle. It

enters the proximal end of the cirrus sac in

contact with the prostatic duct. The prostatic

vesicle is a slightly oval sac situated at the

anterior end of the cirrus sac but not bound
with the latter in its muscular sheath. The

prostatic vesicle has a thin muscular wall, and

the interior is filled as usual with a much-

folded, glandular eosinophilous lining. The

short prostatic duct and the duct of the sem-

inal vesicle enter the anterior end of the cirrus

sac in contact with each other and terminate

in the beginning of the ejaculatory duct. The

cirrus sac is a large oval body with a thick

muscular wall distally, a thinner wall prox-

imally. This proximal half of the cirrus sac

is filled with a loose tissue traversed by diag-

onal muscle fibers and contains the slightly

sinuous ejaculatory duct. This opens on a

projection into what is presumably the lumen

of the cirrus sac. This is widened anteriorly

around the projection in question, then nar-

rows to a tube running to the male gonopore.

The lumen of the cirrus sac is lined by small

teeth that increase in size distally. At the distal

end of the cirrus lumen, where it opens into

the male gonopore, are the three large teeth

already mentioned. One of these and part of

another appear in Figure 3c.

The female gonopore occurs some distance

behind the male pore and leads into an an-

trum with excessively thick muscular walls,

composed of circular and radiating fibers in-

termingled. This muscular antrum, or bulbous

vagina as it is termed by some, extends an-

teriorly, gradually narrowing until it reaches

nearly the level of the male gonopore. It then

narrows abruptly into the vagina which turns

first backward and then forward again, run-



Hawaiian Polyclads— HymAN 335

Fig. 3. Planocera pacifica. a, Enlarged view of eyes and tentacles; b, copulatory complexes seen from above in

cleared entire specimen; c, sagittal view of the copulatory complexes from sections. 1, Cerebral eyes; 2, tentacular

eyes; 5, male gonopore; 6, female gonopore; 11, ejaculatory duct; 12, seminal vesicle; 14, sperm duct; 16, vagina;

18, entrance of oviduct into vagina; 19, Lang’s vesicle; 20, brain; 21, tentacles; 22, prostatic vesicle; 23, cirrus

sac; 24, large teeth of cirrus sac; 26, bulbous antrum; 27, cement glands; 28, granule masses of brain; 29, prostatic

duct; 30, small teeth lining lumen of cirrus sac; 31, cement glands entering vagina.
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ning just above the distal part of the cirrus

sac. Along much of this course it is heavily

supplied with cement glands. It then turns

backward, narrowing as it receives the com-

mon oviduct; beyond this it continues for a

short distance as a narrow, tubular, somewhat
sinuous Lang’s vesicle.

Until recently but one species of Plamcera

with three large teeth in the distal end of the

cirrus sac was known, namely, P. crosslandi

Laidlaw (1903: 100), from the coast of British

East Africa. Laidlaw gave a good description

of this but did not furnish any figures. Re-

cently Prudhoe (1952: 175) assigned a spec-

imen from the Gulf of Aqaba, Red Sea, to

P. crosslandi on the basis of the presence of

three large cirrus spines but did not section

the worm. I recently studied a Plamcera from

the Galapagos Islands with three large teeth

in the distal end of the cirrus sac and decided

it was not identical with P. crosslandi, naming

it tridentata (Hyman, 1953^/ 188). Both triden-

tata and pacifica differ from crosslandi in that

the prostatic vesicle is not bound in common
with the cirrus sac in the same muscular

sheath. Further, tridentata lacks a Lang’s vesi-

cle, having instead a very long and narrow

vagina recurved on itself, whereas crosslandi

is described as having a long, thread-like

Lang’s vesicle, and in pacifica Lang’s vesicle

is short and tubular. It may be concluded that

there are several species of Plamcera armed

with three large teeth at the exit of the cirrus

sac and that the presence of these teeth is not

a sufficient basis for species identification.

The holotype, preserved in alcohol, has

been deposited in the U. S. National Museum,
accompanied by the slides of sections of the

removed copulatory region.
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Occurrence of Sponges in an Aquarium

M. W. DE Laubenfels^

On October 6, 1947, nine species of sponge

were found growing in one of the tanks of the

Honolulu Aquarium. Two of these prove to

be as yet undescribed.

According to information furnished by Mr.

Spencer Tinker, the director of the aquarium,

none of these sponges were brought to the

tank as adults. Most or all of them must have

reached it as larvae in the running sea-water

circulation. Some may have come as minute

juveniles attached to marine objects which

were placed in the aquarium.

It is curious to note that this astonishing

abundance of sponges occurred in only one

of the many tanks of the aquarium. It ap-

peared desirable to make a continuing study

of this phenomenon, and instructions were

left for careful preservation of it, but a few

days later an attendant meticulously destroyed

every bit of this sponge population.

Study of sponges in the tanks of the Hono-
lulu Aquarium was then continued for 3 years.

For 12 months of the year, with some seasonal

fluctuation in size, one might find a few small

Tethya and an occasional encrusting sponge

in the many tanks, but the sponges were

consistently too small and juvenile for iden-

tification.

This latter situation is in harmony with the

usual extreme scarcity of "volunteer” sponges

in aquariums.

The nine species may be described as

follows

:

Haliclona permollis

(Bowerbank) de Laubenfels

This species was represented by thin, trans-

lucent incrustations with lumpy or slightly

conulose surface. Some were nearly colorless;

one was bright violet, the typical color of this

species. Many of the volunteers observed sub-

sequent to October, 1947, may have been of

this sort. It is described in Pacific Science

(de Laubenfels, 1951: 258) from specimens

taken elsewhere in Hawaii. It is an abundant

species of world-wide distribution.

Adocia gellindra de Laubenfels

This species was described (de Laubenfels,

1932: 114) from California and not recorded

again until now. It is rather close to the wide-

spread species Adocia cinerea (Grant), but its

spicules are smaller than those of cinerea. In

the Honolulu Aquarium it was represented by

a single pale crust on a rock; it may have been

fetched from the ocean along with that rock,

but the rocks so brought in were so roughly

treated, often out of water entirely, that this

origin is not certain. In fact, it is more prob-

able that this species is also a volunteer.

^ Department of Zoology, Oregon State College,

Corvallis, Oregon. Manuscript received June 25, 1953.
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The Honolulu specimen showed a number

of oscules, 2.5 to 4 millimeters in diameter,

with raised rims. It had a distinct ectosome

over extensive subdermal cavities; this dermis

contained a tangent isodictyal reticulation.

The spicules were all oxeas, about 5 by 140

microns in dimensions.

Toxadocia violacea de Laubenfels

This species was described (de Laubenfels,

1950; 16) as occurring on the shores of Oahu.

It has since been found on other Pacific is-

lands, and there is an unpublished instance

of its occurrence interidally on the coast of

California. In the Honolulu Aquarium it was

represented by several small specimens on the

concrete walls, each with an oscule surrounded

by a rim so high that a tubular structure re-

sulted, 2 millimeters in diameter, 3 to 5 milli-

meters high. The oxeas were 5 by 105 microns,

the toxas 60 microns long. The flagellate

chambers were especially large, commonly 50

to 60 microns in diameter.

Timea xena n. sp.

The holotype of this species is designated

as a spirit-preserved specimen, U. S. National

Museum register number 23505. It was a thin

orange crust on one of the concrete walls of

the aquarium, only 550 microns thick. As is

usual in such thin specimens, oscules and

pores were not evident. The smooth ectosome

was 15 to 30 microns thick, darker than the

endosome, and was packed with microscleres.

In the endosome fascicular tracts of mega-

scleres occurred, points toward the surface,

tract diameter 20 to 25 microns. These columns

were perpendicular to the substrate and were

100 to 150 microns apart.

— '-
I?---. ^

^ ? iz-

Fig. 1. Spicules of Timea xena, camera lucida draw-
ing. X A, Tylostyle, B, spheraster.

The skeleton includes megascleres and mi-

croscleres. The former are tylostyles 3.5 by

200 microns in dimension. The latter are as-

ters 10 microns in diameter, probably to be

classified as oxyspherasters, but with very

small centrums.

There are already some eight species in

Timea. All have megascleres much larger than

those of xena; conceivably this might be

ecologic, but there is no dependable evidence

that aquarium life produces smaller spicule

size. The only species hitherto recorded from

the Pacific Ocean is tetractis Hentschel (1912:

322) from the East Indies. It is described

with excessive brevity but characterized by

peculiar acanthose microscleres. Only two

other species of Timea have oxyasters, and

each of them has tylasters in addition; of

these two, squamata was black, and parasitica

had the oxyasters 25 microns in diameter and

its smaller (12 microns) asters were tylasters.

The species name selected is derived from

a Greek word meaning "guest.”

Kotimea tethya n. sp.

The holotype of this species is designated

as a spirit-preserved specimen, U. S. National

Museum register number 23504. It also was

a pale orange crust on one of the concrete

walls of the aquarium. Like the preceeding

species, it was lipostomous. Not only did it

lack cortex, but there was almost no dermal

specialization of any kind. The endosome

showed no trace of fascicular or radiate

structure.

The megascleres were styles, 14 by 700

microns in dimensions. The microscleres were

oxysphereasters with relatively large cen-

trums, up to 38 microns in diameter, also

(rare) oxyeuasters 20 microns in diameter (not

illustrated), and oxyspherasters only 5 to 7

microns in diameter.

This is an interesting specimen in that its

spicules are practically identical with those

of the genus Tethya. On the other hand, all

species of Tethya are both corticate and ra-
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Fig. 2. Spicules of Kotimea tethya, camera lucida

drawing. A, Style, X 180, B, spherasters, X 780.

diate. Even when juvenile, specimens of Tethya

are globular and rough, often already showing

the tuberculate surface that is so characteristic

of the adults. Many sponge species have ju-

venile incrusting stages, but not so Tethya.

Lest one assume that the specimen now
under discussion might be a Tethya profound-

ly modified by the artificial environment, it

may be pointed out that Tethya diploderma is

the commonest volunteer sponge in the Ho-
nolulu Aquarium, one that continued to be

found throughout subsequent years. In the

same aquarium with this Kotimea on October

6, 1947
,
there were numerous specimens of

Tethya, some obviously very young, others

older and larger. All were typical, with globu-

lar shape, pronounced cortex, and radiate in-

ternal structure.

There are two other species already in the

genus Kotimea. The type is moorei, described

as Hymedesmia moorei by Carter (1880: 472)

from Ceylon. Its microscleres were much like

those of Tethya. Its megascleres were about

as long, but were twice as thick, and some
were tylostyles. This latter difference is here

regarded as significant. The other species was

described as Hymeraphia spiniglohata by Carter

(1879: 301 ) from the South Pacific. It had

only tylostyles and only the largest sort of

spheraster.

The species name selected calls attention

to the resemblance to Tethya.

Terpios zeteki de Laubenfels

This species was first described from the

Pacific coast of Panama (de Laubenfels, 1936:

450 ). It is abundant in Hawaii and therefore

was redescribed (de Laubenfels, 1950: 28).

This species is regularly yellowish as to

endosome, but its exterior is in some spec-

imens blue, in others red. The specimen in

the Honolulu Aquarium was incrusting, with

the normal endosome and a crimson-red

ectosome.

Tethya diploderma Schmidt

This world-wide species is common in Ha-

waii and, as already noted, even regularly

invades the Honolulu Aquarium tanks. In the

tank now under discussion there were nearly

a score of specimens of Tethya, well distrib-

uted about the walls, bottom, and loose rocks.

This species was redescribed (de Lauben-

fels, 1950: 30).

Oscarella tenuis Hentschel

This species was described by Hentschel

(1909 : 351 ) from Australian waters; this is

its next recorded occurrence. In the Honolulu

Aquarium it was represented by a single,

opaque, whitish incrustation on the concrete

wall, paper-thin and about 3 centimeters in

diameter. Its flagellate chambers were 30 mi-

crons in diameter.

This genus .has no mineral or spongin skele-

ton, consisting only of the protoplasmic

structures and some inanimate colloidal stuff.

It is doubtless much more abundant than

the few records would seem to indicate but is

ordinarily overlooked. Even when noticed, it

is usually hopelessly ruined in the process

of scraping it off rock or coral, so that the

necessary histological study becomes im-

possible.

Leucosolenia eleanor Urban

This species is abundant along the west

coast of the United States; this is its first

record from elsewhere.

This is a calcisponge of the simplest, or

Ascon, type. The Ascon tubes are long, how-

ever, with many branches and anastomoses,

so that a clathrous structure results.
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The sponge in the Honolulu Aquarium had

pale flesh-colored Ascon tubes only about

300 microns in diameter. The spicules were

principally triacts, with rays 11 by 110 mi-

crons. Tetraxons were probably present but

were rare, as in other specimens of eleanor.

The oxeas were chiefly ectosomal, 10 by 150

microns in dimension, often hastately pointed

at one end.

It is of exceptional interest to observe the

relationship of this aquarium fauna to that of

the east shore of the Pacific. Except for the

two new species, and the possible exception

of the Oscarella (probably merely overlooked),

all these species occur also on the Pacific

coast of North America.
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The Taxonomic Position and the Scientific Name of the

Big Tree known as Sequoia gigantea

Harold St. John and Robert W. Krauss^

For nearly a century it has been cus-

tomary to classify the big tree as Sequoia gigan-

tea Dene., placing it in the same genus with

the only other living species, Sequoia semper

-

virens (Lamb.) End!., the redwood. Both the

taxonomic placement and the nomenclature

are now at issue. Buchholz (1939: 536) pro-

posed that the big tree be considered a dis-

tinct genus, and he renamed the tree Sequoia-

dendron giganteum (LindL) Buchholz. This

classification was not kindly received. Later,

to obtain the consensus of the Californian

botanists, Dayton (1943: 209-219) sent them

a questionnaire, then reported on and sum-

marized their replies. Of the 29 answering,

24 preferred the name Sequoia gigantea. Many
of the passages quoted show that these were

preferences based on old custom or sentiment,

and that few of them were willing to accept

whatever name proved correct under the laws

of nomenclature. Only 3 of the 29, on con-

sideration of the botanical characters of the

big tree, came to the conclusion that it rep-

resented a distinct genus and should be called

Sequoiadendron; and of the three, two were

willing to accept it only provisionally. The
replies to this questionnaire make an interest-

^ Department of Botany, University of Hawaii,

Honolulu 14, Hawaii, and Department of Botany,

University of Maryland, College Park, Maryland, re-

spectively. Manuscript received August 27, 1953.

ing psychological document, but its majority

vote does not settle either the taxonomy or

the nomenclature of the big tree. No more

does the fact that "the National Park Service,

which has almost exclusive custody of this

tree, has formally adopted the name Sequoia

gigantea for it” (Dayton, 1943: 210)- settle

the question.

The first issue is the generic status of the

trees. Though the two species differ con-

spicuously in foliage and in cone structure,

these differences have long been generally

considered of specific and not of generic value.

Sequoiadendron, when described by Buchholz,

was carefully documented, and his tabular

comparison contains an impressive total of

combined generic and specific characters for

his monotypic genus. This is readily avail-

able to botanists, so it does not seem necessary

to quote it in full here, but it does seem

appropriate to select and repeat those ma-

croscopic characters of stem, leaf, and cone

which seem of generic import.

Sequoiadendron giganteum

Staminate cones sessile

Ovulate cones remaining

green and attached to tree

for many years after ma-

turity of seeds, becoming
5-7 cm. long, the axis

very stout and woody,

with 25-40 wedge-shaped

scales that are not easily

Sequoia sempervirens

Staminate cones stipitate

Ovulate cones turning

brown and shedding the

seeds at maturity, becom-

ing 2-3 cm. long, the

axis relatively slender,

with 15-20 obliquely

shield-shaped scales that

are easily broken off,

341
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broken off, terminated by

a long terete spine, some-

what persistent, the scales

bearing at pollination 3-

12 or more erect ovules in

double crescentic row, the

ovules becoming 3-9
seeds in a (single or)

double row on the sur-

face of the scale, maturing

the embryos in two sea-

sons

Seeds about 200 per cone,

5-7 mm. long, with two
thin wings broader than

the body of the seed

Buds naked

Vegetative reproduction

none

Leaves all small, of only

one kind, not petioled

Stem habit stout, the

branches turning upward
at tip

Abies

Staminate cones oval

Pistillate cones erect, with

the axis persistent, the

stipitate scales deciduous

Cotyledons 4-5

Winter buds usually res-

inous

terminated by a long flat-

tened spine, usually de-

ciduous, the scales bearing

at pollination 3-7 erect

ovules in single arched

row, the ovules becoming
2-5 seeds in a single row
near the margin of the

scale, maturing the em-
bryos in one season

Seeds about 60 per cone,

3-4.5 mm. long, with

two spongy wings not as

broad as the body of the

seed

Buds scaly

Vegetative reproduction

abundant

Leaves dimorphic, the vig-

orous terminal shoots with

small scale-like leaves;

other branches with large

scythe-shaped, petioled

leaves

Stem habit more slender,

the branches horizontal or

drooping

Picea

Staminate cones catkin-

like

Pistillate cones diverging

or pendant, shedding as

a whole with the sessile

scales attached

Cotyledons 5-10

Winter buds without resin

Leaves often spreading in

2 ranks, linear or linear-

lanceolate, contracted

above base, usually flat-

tened and grooved above,

without or rarely with

stomata, with 2 (rarely 4)

resin ducts, leaves with-

out persistent leaf bases

Cupressus

Stamens with 2-6 anther

cells

Pistillate cone ripening in

2 seasons, scales with 15-

20 seeds

Seeds with narrow hard

wings

Cotyledons 3-4

Branchlets 4-angled (or in

some species flattened or

terete), irregularly dis-

posed

Leaves scale-like, minute-

ly denticulate-ciliate

Thujopsis

Staminate flowers with 6-

10 pairs of stamens

Pistillate cones subglo-

bose, the scales 6-8 with

a boss or mucro below

the apex, 4-6 pairs fertile,

only the upper pair sterile,

the fertile scales with 3-5

seeds

Leaves decussate, the lat-

eral ones somewhat
spreading, ovate-lanceo-

late and curved, with

glaucous white patches

below

Tsuga

Staminate cones axillary,

globose, anthers trans-

versely dehiscent

Pistillate cones 1.5-7.

5

cm. long, cotyledons 3-6

Leaves spirally attached,

2-ranked, flattened, and

stomatiferous below or on

both sides, narrowed into

Leaves spirally arranged,

linear, usually 4-angled

(or in some species 3-

angled or flat), with sto-

mata on 1 or 4 sides,

with 2 or 0 resin ducts,

the leaves attached by

peg-like bases which are

persistent on the branch-

let

Chamaecyparis

Stamens with 2-4 anther

cells

Pistillate cone ripening in

1 (or 2) seasons, scales

with 1-5 seeds

Seeds with broad gauzy

wings

Cotyledons 2

Branchlets frond-like,

usually flattened

Leaves scale-like, entire

Thuja

Staminate flowers with

6-12 decussate stamens

Pistillate cones ovoid-

oblong or ovoid, scales

with an apical thickened

ridge or boss, only the

2-

3 middle pairs fertile,

these with 2-3 seeds

Leaves decussate, scale-

like, the lateral ones near-

ly covering the facial ones,

with or without glaucous

white patches below

Picea

Staminate cones terminal,

ament-like, anthers longi-

tudinally dehiscent

Pistillate cones 2-15 cm.

long, cotyledons 5-10

Leaves spirally attached

and arranged, usually 4-

angled (or in a few species

3-

angled or flat), with

Buchholz also tabulates numerous differ-

ences in the gametophytes and in the devel-

opment of the embryos.

This tabulation shows the generic charac-

ters to be numerous and impressive. A
conclusion might be drawn here, but it is

better to consider first other comparable pairs

of genera in the Pinaceae or its segregate

related families. The following have long

been and are now almost universally accepted

as genera:
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a short petiole, in cross

section with 1 resin duct

below the fibrovascular

bundle

stomata on 1 or 4 sides,

with 2 lateral resin ducts

(or none)

Taxodium Sequoia (in former broad

sense, including S. sem-

pervirens and S. gigantea)

Staminate flowers in elon-

gate spikes or panicles,

scales with 5-9 sporangia

Staminate cones ovoid,

terminal or axillary, scales

with 2-5 sporangia

Pistillate cones subglo-

bose or obovoid, scales

2-seeded, thick, coriace-

ous, peltate, the apex a

4-sided, often mucronate

disc

Pistillate cones oblong-

ovoid, scales 3-12-seeded,

woody, wedge-shaped,
often mucronate

Seeds with 3 thick wings,

cotyledons 4-9, embryos

2

Seeds with 2 wings, coty-

ledons 2-5, embryos 2-5

Buds scaly Buds scaly or naked

Branchlets of 2 kinds,

those near apex persist-

ent, those lower and lat-

eral deciduous

Branchlets of 1 or 2 kinds,

persistent

Short shoots persistent Short shoots deciduous

We should probably mention the recently

described genus Metasequoia with one living

species and many fossil ones, since there is

such a mass of writing on it. Its generic name
would suggest a close relationship to Sequoia,

but it has many different characters, and,

significantly, the cone scales are decussate

instead of spiral. It is not a close relative o f

Sequoia. The generic differences are summar-

ized by Chaney (1951: 180).

After this review of the characters that have

proved significant and acceptable for the sep-

aration of other pairs of closely related genera,

we re-examine Sequoia. It is clear to the writers

that Sequoia and Sequoiadendron are true gen-

era, distinguished by many more contrasting,

fundamental characters than those that form

the basis for separation of numerous others

among the widely accepted genera in the

Coniferae.

Accepting, now, as genera, the two units

compared, we review the nomenclature of the

living species.

SYNONOMY OF SEQUOIA

Sequoia sempervirens (D. Don in Lamb.) EndL,

Syn. Conif. :'98, 1847.

Taxodium sempervirens D. Don in Lamb.,

Gen. Pinus 2: 24, 1824; also ed. 2, 2:

107, pL 48, 1828.

Schuhertia? sempervirens (D. Don in Lamb.)

Spach, Hist. Nat. Veg. 11: 353, 1842.

{Schuhertia is a nomen genericum reji-

ciendum.)

Sequoia gigantea EndL, Syn. Conif. 198,

1847, not of Dene. 1854 which is Se-

quoiadendron giganteum.

Sequoia religiosa Presl, Bdhmische Gesell.

Wiss., Abhandl. V, 6: 597, 1851; and

reprinted as Epimel Bot. 237, 1851.

Condylocarpus Salisb., in Lamb., Gen. Pinus,

ed. minor 2: 120, 1832, published by D.

Don in synonomy of Taxodium semper-

virens D. Don in Lamb.

Gigantabies taxifoUa]. Nelson, under pseu-

donym Senilis, Pinac. 78, 1866.

Sequoia taxifolia Kirwan, Pinac. 246, 1868.

Steinhauera sempervirens (D. Don in Lamb.)

Voss, Deut. Dendrol. GeselL, Mitt. 16

(1907): 90, 1908, the name Steinhauera

now being a nomen genericum reji-

ciendum.

The customary name of this tree remains

unchanged.

SYNONOMY OF SEQUOIADENDRON

Sequoiadendron giganteum (Lindl.) Buchholz,

Amer. Jour. Bot. 26: 536-538, 1939-

WelUngtonia gigantea Lindl., Gard. Chron.,

819-820, 823, 1853: and Hooker’s Jour.

Bot. & Kew Misc. 7: 26, 1855; not

WelUngtonia Meisn. (1840) of the Sa-

biaceae.

Americas gigantea (Lindl.) Anon., Descrip-

tion of the Great Tree, recently felled

upon the Sierra Nevada, California, now

placed for public exhibition, in the spa-

cious racket court of the Union Club,

No. 596 Broadway, adjoining the Metro-

politan Hotel, New York, p. 6-7, 1854.
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Herald Job Printing Office, New York.

Sequoia Wellingtonia Seem., Bonplandia 3:

27, 1855, Feb. 1.

Sequoia gigantea (Lindl.)Dcne., Soc. Bot.

France, Bui. 1: 70-71, 1854 (.^Aug.; ses-

sion of June 28), not of Endl. (1847)

which is S. sempervirens (D. Don in Lamb.)

Endl.

Taxodium Washingtonium Winslow, Calif.

Farmer 2: 58, 1854, Aug. 24; provisional

name.

Washingtonia Californica Winslow, Calif.

Farmer 2: 58, 1854, Aug. 24; provisional

name and nomen genericum rejiciendum;

not Washingtonia H. Wendl. (1879), Pal-

mae, nomen genericum conservandum.

Washingtonia Americana Hort. Am. ex Gor-

don, Pinetum Suppl. 106, 1862, pub-

lished in synonomy.

Gigantahies Wellingtoniana ]

.

Nelson, under

pseudonym Senilis, Pinac. 79-83, 1866.

Taxodium giganteum (Lindl.) Kellogg &
Behr, The Pacific, p. 53, 1855, May 7;

reprinted as Calif. Acad. Sci., Proc. 1:

ed. 2, 51, 1873.

Americanus giganteus (Lindl.) Anon, emend.

Gordon, Pinetum 330, 1858, published

in synonomy.

Sequoia washingtoniana (Winslow emend.

Sudw.) Sudw., U. S. Dept. Agr., Div.

Forestry, Bui. 14: 61, 1897.

Steinhauera gigantea (Lindl.) Ktze. in Voss,

Deut. Dendrol. GeselL,Mitt. 16(1907):

90, 1908, nomen genericum rejiciendum,

the name being based on three fossil

species, known only from the cones.

The existence of the big tree was known
first through the narratives of several travelers,

but as they did not publish any scientific

names there is no need to give the details of

their observations. Hunters visited the Cala-

veras Grove in 1850 and 1852, but their tales

of the size of the big trees were disbelieved.

In 1853 Captain Hanford and William Lap-

ham visited the grove to verify the stories.

Mr. Lapham foresaw the value of the location

and the public interest in the trees, so he

took possession of the area and built a hotel

there (Anable, 1950: 1-5).

GENERIC NAME OF THE BIG TREE

The first generic name of the big tree was

Wellingtonia, published by Lindley (1853^.*

819-820; 1853A* 823). These two articles were

unsigned, but they were a part of the horti-

cultural section of the Gardeners Chronicle,

the part edited by Professor John Lindley. In

the first article he discussed various reputed

western North American conifers, then men-

tioned and named the new monotypic genus

Wellingtonia gigantea. From Sequoia he sepa-

rated his new genus Wellingtonia and indicated

that it was distinguished by the large size of

the trunk, 250-320 feet in height and 10-20

feet in diameter, by the mature branches being

round like those of the juniper, and by the

cones being about IVi inches long, 2 inches

across. His informal, running account did not

completely document the genus, and the trunk

size mentioned was not significant, but the

characters of branch and cone, listed above,

were enough to serve as a description, and

his name Wellingtonia was effectively pub-

lished. Both the generic and specific names

were newly coined and were not transfers

from any previous publication. Lindley ex-

plained (1853^/ 820) the appropriateness of

his generic name: ”... and we think that no

one will differ from us in feeling that the most

appropriate name to be proposed for the most

gigantic tree which has been revealed to us

by modern discovery is that of the greatest

of modern heroes. Wellington stands as high

above his contemporaries as the Californian

tree above all the surrounding foresters [sic].

Let it then bear henceforward the name of

Wellingtonia gigantea.” Professor Lind-

ley quite misjudged the temper and the pa-

triotism of the Americans. Numerous protests

were published at the naming of the American

big tree as Wellingtonia, and several substitute

names were proposed by the patriotic Amer-

icans.
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Lindley in his second account (1853^.’ 823)

republished the binomial Wellingtonia gigan-

tea, giving the generic characters in a formal

description of six lines of Latin, then other

characters which appear in his following Eng-

lish discussion. He contrasted his new genus

Wellingtonia with both Sequoia and Sciadopitys,

giving well-stated generic characters. Hence,

these two accounts on adjacent pages pre-

sented Wellingtonia gigantea Lindley, new

genus and species, well described and con-

trasted, and the whole effectively published.

However, it so happened that the generic

name Wellingtonia Lindl. was illegitimate, it

being a later homonym of Wellingtonia Meisn.

(1840) for a genus in the Sabiaceae.

The second generic name for the big tree

was Americus, published anonymously in

1854. In that year, a cross section of a tree

recently felled in California was placed on

exhibit at the Union Club, New York. A
pamphlet announcing the exhibit was printed

to arouse interest in it and to draw spectators

—
. . admission 25 cents, children half

price.” This was no more a scientific publica-

tion than is a circus program or a symphony

orchestra program. It was anonymous, but

it was printed by the Herald Job Printing

Office, New York, and was dated 1854. Be-

sides announcing the exhibit, it contained

several articles, mostly reprintings of pre-

viously issued articles. The first article, on

pages 4 and 5, is entitled 'The Great Tree of

the Sierra Nevada, California,” and is a pop-

ular account adapted from various other pub-

lications. The second article (Anon., 1854:

6-7) is entitled "Gigantic Tree in California”;

it was copied paragraph after paragraph from

the account in the Illustrated London News,

February 11, 1854, which was a direct copy

of Lindley’s accounts in the Gardeners Chroni-

cle (1853^,^), except that in the New York
pamphlet the new generic name Americus was

substituted at every place at which the name
Wellingtonia occurred in the originals. Thus

the new binomial Americus gigantea Anon, was

published for the big tree. This name has
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seldom been noticed in botanical writings.

It was mentioned by Gordon (1858: 330) in

the synonomy of Wellingtonia gigantea Lindl.,

but emended to the form Americanus gigan-

teus Hort. Amer. This was a "corrected” ver-

sion of Americus gigantea Anon. (1854). To
someone, Americanus seemed preferable, but

Americus was an equally possible name, and

it had priority.

The anonymous compiler of this prospectus

in which Americus was described obviously

had little or no botanical knowledge. He was

certainly unaware of the fact that Lindley’s

generic name Wellingtonia was invalid, being

a later homonym. So, at that time, the big

tree had no valid generic name and needed

one if it was to be accepted as a new genus

distinct from Sequoia and Taxodium. In any

case, the generic name Americanus was illegit-

imate, having been published only in synon-

omy. On the other hand, the generic name
Americus was effectively published, and the

lengthy description and discussion contained

ample details of description, thus validating

the name.

The generic name Steinhauera was published

by Presl (1838: 202) and applied to three new

species of plants found as fossils in lignite

schist in Bohemia. This name was effectively

published, and the genus contained three valid

binomials. Later, Kuntze decided that these

fossil species belonged to the same genus as

the living big tree. His combination appeared

as Steinhauera gigantea (Lindl.) Ktze. in Voss

(1908: 90). This generic name was correct

then, but more recently it has been made
illegitimate, being listed in the 1952 Inter-

national Code of Botanical Nomenclature

(Stockholm, 1950) as a nomen genericum

rejiciendum, whereas Sequoia Endl. is made a

nomen genericum conservandum. This legal

action applies when the generic concept is the

broad one, including in Sequoia both S. sem-

pervirens and S. gigantea. It does not apply to

the narrower generic concept, which we fol-

low, that recognizes S. gigantea as a separate

genus. However, another provision does ap-
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ply. Article 68 of the same 1952 International

Code says, "When a taxon of recent plants,

algae excepted, and a taxon, of the same rank,

of fossil or subfossil plants are united, the

correct name or epithet of the former taxon

must be accepted, even if it is antedated by

that of the latter." This applies exactly to the

issue at hand and rejects the name Steinhamra

for our living trees.

The next name for the big tree was Gigan-

tahies, with the apparent binomial Gigantabies

Wellingtoniana
[J.

Nelson] published under

the pseudonym Senilis. This appeared in a

privately printed book, offered for sale for

10/6 by Johannes Senilis, Lymington, Hants.

It is recorded in English bibliographic sources

that the author’s real name was John Nelson.

The book title is "Pinaceae: being a handbook

of the firs and pines,” and it was published

(1866) in London by Hatchard and Com-
pany. This book was soon reviewed, ap-

parently by the editor, in the Gardeners

Chronicle (1866: 542) and wholly condemned:

"The truth is, the author is not qualified for

writing a book upon Conifers. The reader

can judge of his literary qualifications from

the verbose ungrammatical sentences which

we have above quoted. His qualifications for

dealing with the subject he has chosen are

still less. He appears to be unacquainted with

the very elements of Botany and Physiology;

seems not to have the most distant idea of

the principles on which, by the labours of

many minds of the highest talent, the present

system of systematic botany has been based;

does not know what has been already done,

what has been already proposed and rejected

by general consent, and why. He has, ap-

parently, in his present condition no one

qualification which suits him for such a work."

Nelson put the redwood under the same

name, Gigantabies, and gave it the new name
Gigantabies Taxifolia. If taken as a generic

name, Gigantabies must be placed as a later

synonym of Sequoia, because G. Taxifolia was

only a renaming of the earlier S. sempervirens

(D. Don in Lamb.) Endl. Nelson did not cite

S. sempervirens in synonomy, but he did men-
tion the early collections of it by Menzies,

Douglas, Hartweg, and the Russians; located

it in California, particularly on the Santa Cruz

range; and by his lengthy description made
abundantly clear that his new tree was the

well-known redwood. Sequoia sempervirens.

Article 16 of the 1952 International Code
reads: "Eor any taxon from order to genus

inclusive, the correct name is the earliest leg-

itimate one validly published with the same
rank. Eor any taxon below the rank of genus

the correct name is the combination of the

generic name with the earliest available leg-

itimate epithet or epithets validly published

with the same rank." By these legal provi-

sions, Gigantabies Taxifolia J. Nelson is il-

legitimate.

We could dispose of the remaining name
Gigantabies Wellingtoniana on the same
grounds, but if the big tree was accepted as

a distinct genus, it was at this time nameless,

hence the status of the name Gigantabies needs

scrutiny. After some initial poems. Nelson

came to his technical treatment of the Pina-

ceae which he subdivided into divisions, sub-

divisions, sections, sub-sections, and species,

and we quote (pp. 26-27).

Technicalities used in the Classification and
Nomenclature

S.D., (Sub-Division.) A cognate family containing

few or many specifically distinct species, and of these

there may be a few, or many quasi-species, varieties, and
suh-varieties.

Section, I use as a group of a S.D. having numerous
and dissimilar species, and which are arranged in sections

having some peculiarity or other, as distinguishing one
section from another in the S.D. to which they belong.

Sub-Section I use after the same manner as section. . . .

Species, as a specifically distinct tree or plant, having

one or more well marked and constant characteristics,
,

distinguishing it from the other species of a S.D.; and
which reproduces itself true from seed.

CLASSIFICATION.

ARRANGEMENT.
Pinaceae

Division I.—Coniferae.—Cone-bearing Firs and
Pines.

Division II.—-Bacciferae.—Berry and Fruit-bear-

ing Pines.
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CONIFERAE
S.D. I.—Abietineae.—

T

he Fir Tribe.

§ 1. Intermedia.—The Intermediate Fir.

§ 2. Picea.—The Pitch or Silver Fir.

§ 3. Vera.—The True or Spruce Fir.

S.D. II.—Cedrus.— The Cedar.

S.D. III.—CuPRESSiNEAE.—The Cypress Tribe.

§ 1.— Actinostrobeae,—The Rayed-scaled Cypress

Sub. § 1.—OCTOVALVUS.—Eight-valved.

Sub. § 2. Sexavalvus.— Six-valved.

Sub. § 3 .—Quartovalvus.—

F

our-valved.

§ 2.—Arthrotaxia.—Thejointed-branched Cypress.

§ 3.— Cryptomeria.—The Cedar-like Cypress.

§ 4.— Cupresstellata.—The Star-coned Cypress.

§ 5.—Cuprespinnata.—The Feathery-sprayed Cy-

press.

§ 6.—Thuriferae.—The Arbor Vitae.

Sub. § 1 .—Biota.—

T

he Oriental.

Sub. § 2.—Libocedrus.—

T

he very Fragrant.

Sub. § 3 .—Thuja.—

T

he Occidental.

§ 7.—Verae.—The True Cypress

Sub. § 1 .—Chamaecyparis.—

T

he Ground Cy-

press.

Sub. § 2.—CUPRESSUS.—The Prototype.

Sub. § 3.—Retinospora.—

R

esinous-seeded.

S.D. IV.—Gigantabies.—

T

he Giant or Mammoth Fir.

By his arrangement Biota, Libocedrus, Thuja,

Chamaecyparis, Cupressus, and Retinospora were

made sub-sections; Picea and Cryptomeria were

made sections; Abietineae, Cedrus, Cupressineae,

and Gigantabies were his four sub-divisions;

and Coniferae and Bacciferae were his two

divisions. Genera, well accepted by botanists,

were by Nelson made sub-sections, sections,

or sub-divisions. In the taxonomic treatment,

specific names were combined with all of

these, forming apparent binomials. Gigan-

tabies Wellingtoniana is one such. Surely, the

combination of the name of a species with

that of a sub-division does not make a bino-

mial. Applicable sections of the 1952 Inter-

national Code are: Article 13, ''A plant may
therefore be classified in subordinated cate-

gories in the following order: Regnum vege-

tabile, Divisio, Subdivisio, Classis, Subclassis,

Ordo, Subordo, Familia, Subfamilia, Tribus,

Subtribus, Genus, Subgenus, Sectio, Subsec-

tio, Species.” Then by Article 15, "The rela-

tive order of the categories specified above

in Art. 12-14 must not be altered.

"Names given to taxa which are at the same

time denoted by misplaced terms are treated

as not validly published. ...”

So, Gigantabies was not a generic name;

Gigantabies Wellingtoniana was not a binomial,

and the whole is illegitimate.

Finally, the generic name Sequoiadendron

was published for the monotypic genus of

the big tree, by Buchholz (1939: 536). This

was based upon Wellingtonia gigantea Lindl.

and included the concepts and the synonyms

published by Winslow, Decaisne, Seemann,

Kellogg & Behr, Sudworth, and Kuntze. The
generic name was effectively published and

was accompanied by a Latin diagnosis, a type

species was designated, and there was given

a fully detailed comparison with Sequoia which

he interpreted as represented by only one

living species, the redwood, S. sempervirens

.

Sequoiadendron of Buchholz has now had

some acceptance, as by Rehder (1940: 48-49;

1949: 41), L. H. & E. Z. Bailey (1941: 680),

Rickett (1950: 15), and Stebbins (1948: 95),

and reaffirmation by Buchholz (1948: 90).

The investigation by Buchholz was careful,

detailed, and original. It revealed many
morphological characters that were unknown
before. It detailed the many important dif-

ferences between the big tree and the red-

wood. Buchholz classified the big tree as a

separate genus and published for it the name
Sequoiadendron. We have reviewed the same

investigation and concur that Sequoiadendron

is a good and distinct genus. The only flaw

is in priority, as there is an earlier name,

Americas.

On every score the generic name Americas

deserves to be outlawed. It was published in

an anonymous advertising circular. It was

seen by few botanists and was adopted by

none. The pamphlet is excessively rare now;

the copy consulted for us is in the library of

the New York Botanical Garden. The anon-

ymous writer made no botanical study of the

tree or its trunk. He wrote no description of

the tree, merely copied the one validating

Wellingtonia gigantea. The only item contrib-

uted by the anonymous writer was the sub-
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stitution of the name Amerkus for each

occurrence of Wellingtonia in the original arti-

cle by Lindley. He did not assert that the

name Wellingtonia was illegitimate. That a new

generic name was needed was an accident

quite unknown to the anonymous writer.

Neither the man nor the name deserves recog-

nition. We think there is every reason for

making the generic name Amerkus a nomen
genericum rejiciendum. We propose that the

next International Botanical Congress adopt

Sequoiadendron Buchh. as a nomen genericum

conservandum, and treat Amerkus as a nomen
genericum rejiciendum.

SPECIFIC EPITHET OF THE BIG TREE

Though the waters one must traverse in

reviewing the generic history of the big tree

may seem somewhat turbid, they are nothing

in comparison to the muddy, swirling waters

one must sail over in the historic quest of the

correct specific epithet.

It was long thought that the first scientific

name for the big tree was Sequoia gigantea

Endl. (1847: 198). This was rejected by Buch-

holz, as it had been by many others, but it

needs careful analysis and discussion to dis-

pose of it fully. We quote its original treat-

ment in full:

2. Sequoia gigantea Endl.

Sequoia foliis linearibus {iVi-l") acutis subtus glauco

pulverulentis.

Taxodii species Douglas in Bot. Mag. Comp.
II. 150.

Abies religiosa Hook, et Arnott ad Beechey 160.

non Humb.
Taxodium sempervirens Hook, et Arnott ad Beechey

392. Hooker Ic. t. 379. Habitat in California. (Dougl.)

Arbor trecentorum pedum altitudinem attingens,

trunci ambitu trigintapedali.

In this same passage Endlicher described

the new genus Sequoia, and his species No. 1

was called 5. sempervirens Endl. [or as the

authority should now be written, (D. Don
in Lamb.) Endl.], the accepted name of the

redwood, though his basonym was briefly

attributed only to Lambert.

Now, for S. gigantea Endl. The original

publication included a description, a state-

ment of the type locality (stated as habitat),

and a collector, and the first synonym, Taxodii

species, all of which rest upon the work of

Douglas. Then, finally, there are two other

synonyms which rest upon the work of Hook-
er and Arnott, and of Hooker, and a diagnosis.

Let us first consider these last two synonyms:

Abies religiosa Hook, et Arnott ad Beechey

160, non Humb. This, in the sense of Hooker
and Arnott, is a mixture of several diverse

species and genera, but it includes only the

following reference to Californian trees, 'T

was informed that there are trees of this spe-

cies in the vallies between Santa Clara and

Santa Cruz, 150 feet high, one of which was

25 feet in circumference.” This is the only

element in Abies religiosa sensu Hook. & Arn.

which may have been based on Sequoia and

might be selected with that in view to typify

their specific concept. However, the only de-

scription given is that of the stature, 150 feet

high and 25 feet in circumference, and this

was only a hearsay report. That would apply

to a young specimen of the big tree, but is

in no way distinctive of it, and certainly is

incorrect as a description of the full stature

of a mature or large specimen of the big tree

which is 250-330 feet in height and 40-56

feet in circumference at 10 feet above the

base, or up to 90 feet at 6 feet above the base.

The locality given, "in the vallies between

Santa Clara and Santa Cruz,” is far distant

from any known grove or occurrence of the

big tree, all of which are east of the central

valley of California and at 4,600-8,500 feet

altitude on the western slopes of the Sierra

Nevada Mountains. On the other hand, both

the stature and the locality given by Hooker
and Arnott tally exactly with the size and a

well-known, still existing stand of the red-

wood, Sequoia sempervirens. It is clear, then,

that the only meager element in Abies religiosa

sensu Hook. & Arnott, not of H.B.K., which

applies to a Californian gymnosperm was

probably in allusion to Sequoia sempervirens
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and certainly did not apply to the big tree.

The first use of the name Abies religiosa (H.

B.K.) Schlecht. & Cham. {Linnaea 5: 77,

1830) was based upon Pinus religiosa H.B.K.

{Nov. Gen & Sp. 2: 5, 1817). This tree, still

accepted as Abies religiosa, is native to the

highlands of Mexico at from 1,200 to 3,450

meters altitude, from Durango and the Valley

of Mexico south to Guatemala. It was named

religiosa because of the traditional use of its

branches to decorate the churches of its re-

gion. Obviously, the usage by Hooker and

Arnott was a misapplication of the name

Abies religiosa, the true usage of which is for

a true hr tree, or "'oyamel” of the Mexicans,

a tree native to the mountains of Mexico and

Guatemala.

The third synonym listed in the publication

of Sequoia gigantea Endl. was ''Taxodium sem-

pervirens Hook et Arnott ad Beechey 392.

Hooker Ic. t. 379.’’ Paxodium sempervirens

sensu Hook. & Arn. was printed in The Botany

of Captain Beechey s Voyage, p. 392, 1840, and

was merely a later usage of T. sempervirens

D. Don in Lamb., the basonym of Sequoia

sempervirens (D. Don in Lamb.) Endl., the

accepted name for the redwood. Though we
are dealing with a later usage of a previously

published and valid name, we should examine

the basis of the usage by Hooker and Arnott

in 1840. Their publication was as follows:

1. Paxodtum sempervirens Lamb. Pin. t. 643? Hook.
Ic. PI. ined. -Abies religiosa. supr. p. 184 (an Cham, et

Schlect?)

Of this we have seen no flowers nor fruit, and the

leaves are nearly twice the length of those figured in

Mr Lambert’s work, shining on the upper side as in

Podocarpus, and glaucous underneath. The tips of the

branches exhibit buds formed of imbricated mem-
branaceous concave shining scales, which resemble the

scales at the base of the galbule in Lambert’s descrip-

tion and figure quoted. Our plant is obviously what
Douglas alludes to in his Journal (Comp. Bot. Mag.
vol. II. p. 150.) in the following words:

—
"But the

great beauty of the Californian vegetation is a species

of Taxodium, which gives the mountains a most pecu-

liar, I was almost going to say awful, appearance,

—

something which plainly tells that we are not in Europe.

I have never seen the Taxodium Nootkatense of Nee,

except some specimens in the Lambertian herbarium,

and have no work to refer to; but from recollection, I

should say that the present species is distinct from it.
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I have repeatedly measured specimens of this tree 270
feet long, and 32 feet round at three feet above the

ground. Some few I saw upwards of 300 feet high, but

none in which the thickness was greater than those I

have instanced.’’

Taxodium sempervirens sensu Hook, et Ar-

nott rested on four elements:

1. The name, and a reference to T. semper-

virens Lamb., the basonym of Sequoia semper-

virens, the redwood.

2. A reference to a plate prepared for

Hooker’s leones, but then unpublished. This

later appeared in volume 4: t. 379, 1841. It

represented a sterile branch, collected by Lay

and Collie in California, now identified as

Abies bracteata (D. Don in Lamb.) Nutt.

(1849), according to Rehder (1949: 647). The
Latin diagnosis, a line and a third in length,

given for Sequoia gigantea Endl., "foliis linear-

ibus iV/i-f') acutis subtus glauco pulver-

ulentis,
’

’ bears no resemblance to the characters

of the big tree or to the small, bright yellow-

green foliage of the redwood. It is apparent

that Endlicher took these characters from the

passage by Hooker and Arnott in The Botany

of Captain Beechey s Voyage, where they wrote,

"... the leaves are nearly twice the length of

those figured in Mr Lambert’s work, shining

on the upper side as^ in Podocarpus, and glau-

cous underneath.’’ Then, the diagnosis given

by Hooker for Sequoia gigantea applied to

Abies bracteata.

3. A reference to Abies religiosa sensu Hook,

et Arnott, and doubtfully sensu Cham. &
Schlecht. Our discussion just above points

out that Abies religiosa (H.B.K.) Cham. &
Schlecht. is a true fir tree, native of Central

America. The sterile branch collected by Lay

and Collie in California, indentified by Hook-

er and Arnott as A. religiosa, is now con-

sidered to represent a misidentified specimen

of Abies bracteata Nutt.

4. A duplicated reference to Taxodium spe-

cies of Douglas, which will be discussed

below.

Now, reverting to the major elements of

Sequoia gigantea Endl., the description, local-
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ity, and collector, all of which allude to David

Douglas and his Taxodium species. Douglas

himself published no species of Taxodium.

He was a very capable taxonomist and in his

few months in London published papers and

prepared manuscripts evidencing ability and

productivity in this technical work. He was

supreme as an explorer and botanical collector

and left his indelible mark on the botany of

North America and of the Pacific. He might

well have published upon his observed Taxo-

dium, but he perished on a mountain side in

the Hawaiian Islands, apparently by murder.

Douglas was an explorer, working for the

Royal Horticultural Society of London, and

he reported to it. One of his letters written

at Monterey, Upper California, dated No-

vember 23, 1831, was published by Hooker

(1836: 150), "But the great beauty of Cali-

fornian vegetation is a species of Taxodium,”

etc. This passage was quoted by Hooker and

Arnott, and above we quote their version

which was complete, except that they omitted

the following last sentence: "I possess fine

specimens and seeds also." We discard Doug-

las’ reference by memory to Taxodium mot-

katense Nees, a name even yet unpublished,

though Douglas may have known it as a

manuscript name. Doubtless it was synony-

mous with Cupressus motkatensis D. Don in

Lamb. (1824), now accepted as Chamaecyparis

motkatensis (D. Don in Lamb.) Sudw. (1897),

the Alaska cedar. Douglas’ allusion was a

misidentification based on a vague memory
of that coastal tree of northwestern America.

That leaves in his passage only his statements

concerning the awesome Californian tree spe-

cies that he had seen, 270 or more than 300

feet tall and 32 feet in circumference 3 feet

from the ground. He collected fine specimens

and seeds. Doubtless these were sent to Eng-

land, but they did not arrive. No such plant

is included in the list of plants introduced by

Mr. Douglas in 1834. A subsequent collector,

William Lobb, who followed Douglas to

Northwest America and California, wrote as

follows, and the letter was published by Lind-

ley (1854: 22): "I am well acquainted with

every part of the country trod by Douglas . . .

seldom 30 miles from the coast and 160 or

more from the nearest big tree.” Lindley con-

tinued, "It is therefore evident that no mate-

rials exist for determiningwhatDouglas really

meant by his 'Taxodium,’ which may or may
not have belonged to that genus, or, as End-

LICHER conjectured, to Sequoia. But species in

natural history cannot be founded upon con-

jecture.” Thus, it is dear that Douglas on his

trips never approached any of the big tree

groves, and that his specimens which were

probably of the redwood were lost in transit

to England. The few descriptive words of his

that were published posthumously are only

measurements of some large trees, and they

tally well with the dimensions and proportions

of the redwood which was common in the re-

gions he traversed. In sum, there is no part

of the Taxodium species mentioned by Doug-

las that can be demonstrated to apply to the

big tree. Consequently, Sequoia gigantea Endl.

(1847) is in larger part a synonym of S. sem-

pervirens and, in smaller parts, of Abies religiosa

(H.B.K.) Schlecht. & Cham, and Abies brac-

teata (D. Don in Lamb.) Nutt. No part of it

has been demonstrated to be based on the

big tree, so it is impossible to typify the

species by any fragment of the original con-

cept which action might preserve the epithet

for application to the big tree.

As we have demonstrated earlier, the gen-

eric name Wellingtonia of Lindley was a later

homonym and hence illegitimate. For those

who still retain the big tree and the redwood

in the single genus Sequoia, this specific epi-

thet gigantea of Lindley is cot available, as on

transfer to Sequoia it becomes a later homo-

nym of S. gigantea EndL, which is in larger

part a synonym of S. sempervirens

.

If the big

tree is best classified as a distinct genus,

whether called Americas or Sequoiadendron, the

epithet gigantea of Lindl. is available in either

combination.

Sequoia gigantea (Lindl.) Dene. (1854: 70-

71), the next binomial, appeared in a pub-
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lished account of remarks by Decaisne at a

meeting of the Societe Botanique de France.

He demonstrated specimens of the redwood

and of the big tree, referred to WelUngtonia

LindL, discussed the distinctive botanical

characters, disagreed with Lindley that they

formed two genera, then gave his conclusion

that they were Sequoia sempervirens and Sequoia

gigantea. This latter binomial has long been

taken as Sequoia gigantea Dene., but it seems

actually a transfer. Sequoia gigantea (LindL)

Dene., based upon WelUngtoniagiganteaYm^.,

and it has already been so interpreted by

Little (1944: 276). Another interpretation

might be that Sequoia gigantea Dene, was an

independent new species, based upon a de-

scription solely of the specimens at hand, sent

to the Paris Museum by M. Boursier de la

Riviere, consular agent of France. These pos-

sible interpretations lose their importance

when it is realized that the specific epithet is

invalid in either case, being a later homonym
of Sequoia gigantea Endl. (1847: 198).

In 1854 the binomial Americus gigantea

(LindL) Anon, was published. We have pre-

viously dealt with the new generic name. The

specific epithet was obviously one transferred

from Wellingtonia gigantea LindL and was

based upon the same description and speci-

mens. It did not provide a new specific name.

Two other new binomials were published

in 1854. The name Taxodium Washingtonium

Winslow was printed in a weekly newspaper

called the California Farmer (Winslow, 1854:

58), and in the same paragraph another name,

Washingtonia Californica Winslow, was pro-

posed. These names have been given varied

treatments, accepted, corrected, or rejected,

by various botanists. As this local farm news-

paper is not readily available to botanists and

as the exact wording of the proposals of

Winslow is decisive, his whole one-page arti-

cle is reproduced here (Fig. 1). It was a letter

written by Dr. C. F. Winslow on August 8,

1854, from Washington Mammoth Grove [or

Calaveras Grove]. It was a description of his

15 -mile trip by carriage road, the incidents of
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the trip, and his impressions, stated at length

in an elaborate and flowery style of writing.

He stated the size of several of the big trees

and quoted many details told him by the

hotel proprietor. He gave a few descriptive

details of leaves and cones. He alluded to the

publication by the English botanist. Professor

Lindley, of the tree as Wellingtonia Gigantea,

but objected that this generic name honoring

an English military hero was distasteful to

and unacceptable by Americans. Then Wins-

low renamed Lindley ’s Wellingtonia Gigantea

as follows: "If the 'Big Tree’ be not a Taxo-

dium, let it be called now and forever Taxo-

dium Washingtonium

.

If it should be properly

ranked as a new genus, then let it be called

to the end of time, Washingtonia Californica.

The generic name indicates unparalleled great-

ness and grandeur; its specific name, the only

locality in the world where it is found. No
names can be more appropriate, and if it be

in accordance with the views of American

botanists, I trust the scientific honor of our

country may be vindicated from foreign in-

delicacy by boldly discarding the name now
applied to it, and by affixing to it that of the

immortal man whose memory we all love and

honor, and teach our children to adore. . . .

Under any and all circumstances, however,

whether of perpetuity or extinction, the name

of Wellington should be discarded and that

of Washington attached to it, and trans-

mitted to the schools of future ages.”

Now, to consider the two binomials pub-

lished by Winslow. They were immediately

reduced to the synonymy of his own Sequoia

Wellingtonia Seem, by Seemann (1858: 345-

346) in his second and extensive account of

the tree, and he pointed out that the big tree

had already been named as a genus by Lindley

in 1853 and as a species by himself in Feb-

ruary, 1855. Winslow’s names fell into the

discard and received little attention. It appears

that most of those botanists who have con-

sidered his names at all have not consulted

his original newspaper account, but one of

the two reprintings of it that appeared in
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nm or ushibition, and forage will be furnished

gratis fur all animals entered foi premiums
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the earliest possible momeut, how far the differ-

ent Farmers in the State can co-operate in this

uixlertsking, and what specimens they intend to

eshibit—HO that suitable prorisktn may be made
for their contributions.

All communications upon the subject, will be

promptly responded to, and all information cheer-

fully rendered.

The announcement of the awards, together

with appropriate exercises, will take place on the

last day of the Fair.

Kisr Address the President, or Corresponding

Secretary, San Francisco.

F. W. MACONDKAY, Pre$idtnl.

E. I.. Beard, Alameda County,

J. K. Hose, San Francisco Co.,

1 ). W. C. Thompson. Sonoma Co..

II. C. Malone, Santa Clara Co.,

IV. N. Thompson, San Francisco Co.,

C. I. Hi'TL'hinson, Sacramento Co.,

J. W. Osborn, Napa Co.,

fice Presidents.

C. V. Gillespie, Recording Secretary.

J. h. L. ?. Warren, Corresponding Secretary.

David CHAMBEK8,of Page, Bacon &Co., '/Veojurer,

Dr. C. F. Wmslow's Letters from the

^onntains.

THE “BltT TREE.”

Mammoth Rsova,
Au^'Uel 8Ui, Itl^.

Dear Sir : At half-past three p.m. ycstcrdiiy. wc

started from Murphy's for the Big Tree, on the

stump of which I am now writing. The ride is

fifteen miles long, and is one of the most varied and

charming which I have ever enjoyed. At first

you follow a ravine for several miles, hedged

by sloping and rounded hills, sparsely wooded

with varieties of the conifera; and in the bottom

of this vrinibi a clear brook which forms the streara

of the Union Water Company, for supplying the

miners with water during the dry season at Mur-

phy’s Camp. Subsequently the beautiful ravine

opens into a broad vale, which at last is lost

the geutle slopes and varying aspcctsof landscape

that swell and charm the eye in all directions.

A great variety of pines, oaks and other trees

and shrubs add ftnish and endless charm to

this fresh and virgin landscape. After gradu

ally ascending for some miles by a winding

and well made carriage road, you reach points

where the lofty and magnificent pines open and

afford prospects of distant mountain slopes and

aammita, covered to the uppermost ridge with

such grand and magnificent coniferous forests that

1 will not attempt to describe them. The

slione with heated and golden beams, and the

light, softened and mellowed by the radiating

VupoTS of the highlands, lent tints to the verdant

wilderness and tov/ering ridges which heightened

the charms and magnificence of the broad and

wild panorama. The road was more or less

shrded all the way by pines so gigantic as to

awaken in me, who had never before seen thi

Rfitive and lofty forest scenery of tlie north tem-

perate sons, tha strongest feelings of wonder

admiration. I had r.erer before conceived of the

capacity of the various species ofconifera to attain

euch enormous dimensions. They were often six

feet through, and from one hundred and thirty to

three hundred feet high, and so symmetrical and

perfect in form as to impress me with new and

aisre commanding ide.-is respecting the force and

operation of the vital principle presiding over the

nourishment and growth of organixed bmlies.

Tho delicate and symmetrical development of

lome of these towering and gigantic vegetable

forms filled the mind with emotions of the beau

tifal, aitailar to those felt at beholding the most

perfect models cf the human form wrought from

marble or delineated on canvass. There they

stand against the deep blue sky. cell having

added to cell by slow processes of growth,

kined by the breath of the Almignty, until they

have alUined such strength as to defy the ordi-

nary methods of violent destroctioo. All along

the last few miles of tho road I was filled with

itppressions wholly mw, and often involuntarilr

Earrendcred mymlf to the idea that I was ap-

pfooching the riaiblo and actual presence of the

Great One, who rralined himself to Moaes oi

heights of Sinai. Such sublime tlionghts have

rarely impressed my mmiI, and it is only here, in

'

the midHt of these living wonders of the mountain

forests, that such conceptions have been awak-

ened to their complete height of grandeor and
j

awe. On the summit of these lofty mountains,

I the columns of this great temple of nature.
|

I am compelled to bow down and acknowledge

.

the utter nothingness of mortal man and the in-

1

finite greatness of the power thst hovers sround
|

the globe snd weaves a germ from the dust of the

earth that shsll outlast sixty human generations.

But another order of refliction.s crowd upon the

mind. What changes have transpired in the con-

dition of people and of Slates since the gena shot

wn the root on which I reconi these thoughts.

The golden age had not yet dawned on the Ro-

enipire, and the anceslers of the preseat pol-

ished races of Great Britain, France and Germany,

were naked and wandering savages in the bleak

and snowy forests of northern Europe. Within

this time the man of Narjvreth and the prophet of

Mecca have overturned the dogmas and idolatrous

worship of tho benighted nations of Asia and

Europe, and, like tho wavo.s of the ocean. little

and great kingdoms have arisen, and, iselting

away, mingled their elements with each other,

until no trace exi.sU of their former bounds or

grandeur. How strangely intere.sting are all these

multitudinou.s events when crowded by contrast

into a space of time occupied by the growth and

life of a single tree on these Alpine and lonely

heights. If the lifetime of a single vegetable germ

.shall outlast and look down on all these stripes

and' transactions of the race.s of man for two

thou.sand years
;
how ancient must be the earth,

the parent and the stage of them all 7

The height of this spot above the ocean i.s

rather less than five thousand feet, and it is two

thousand four hundred feet above Murphy’s Camp.

Tho road, gradually ascending for several miles

over a varied landscape, become.^ afterward.s more

level, or rather it undulates snd winds for a long

stretch among hills and vallies thickly woo<ied.

and fit for farm.s. and deer parks. During the

last three miles the ascent is steady and through

virgin wilderness of pines, firs, spruce, arbor

vines and other cone bearing trees, whose magni-

tude perceptibly incrca.scs with the altitude of the

locality. The whole surface of the hill sides is

covered with herbage or plants, more or less ver-

dant. and in spots there is a freshness to the venlurc

which reminds one of .spring, and which contrasts

strongly with the arid and dusty plains and hills

of the lower sections of country. The wild rasp-

berry, strawberry, pea ami har-elniit mingle their

humble or more prominent foliage with the diver-

sified undergrowths of the forests, and here and

there new and attractive flowers struck my eye

so pleasingly that I was compelled at limes to

stop, gather, examine and admire them. The

charm of these regions to the botanist would be

in the freshness and luxuriance with which nature

elaborates her vegetable forms. The vital princi-

ple, stimulated by tho condensing vapors of the

cool fresh of night, and nourished by a suitable

pahiiliim in the decomposing soil, acts with a

steady energy, and thousands of stately trees stud

the hills in all directions, so lofty as to ainaac the

observer and to compel him w hen near them to

strain his eyes to catch a view ol their topmost

oHshoots. But the most amazing of all those vege

table productions is here, and nature, by peculiar

geognoslic arrangements, seems to have isolated

them to startle and arrest the attention of man

kind, and to strengthen scientific truth, leaching

the special distribution of organic races. So fur

a.s known, the vegetable growth to which the

name of ‘’ Jig Tree” has been attached, grows in

no other region of the Sierra Nevada, nor on any

other mountain range of the earth. It exists here

only, and all the individuals of it* kind, so far

I can learn, are localised to this vicinity. They

are embraced within a range of two hundred

acres, and arc cnclo.scd in a basin of coar.se silici-

OU3 material, surrounded by a .sloping ridge of

sicnilie rock, which in some places proji-cts above

the soil. The basin is recking w ith moisture, and

in the lowest places the water is standing, aud

some of the largest trees dip their roots into the

pools or water-runs. The trcc.s of very large di

mensions number con.siderably mure than one

hundred. Mr. Blake measured one ninety -four

feet in circumference at the root
;
the side of which

had been partly burnt by contact with another

tree, the head of which bad fallen against it. The

latter can be measured four hundred and fifty

feet from its head to iU root A large portion of

this fallen monster is still to be seen snd

examined; and by the measurement of Mr,

Lapham, the proprietor of the place, it ia said

to be ten feet in diameter at three hundred

and fifty feet from it* uptom root In fell-

ing it bad prostrated another large tree in it*

course, and prised out the earth beneath itself no

im to be imbedded a number of feet into the

ground. It* diameter across its root, I* forty feet.

A roan is nothing in comparison of dimensions,

while walking on it or standing near its side.

This to me was the greatrot wonder of the forest.

The tree which it prostrated in felling baa been

burnt hollow, and is so large, a gentleman who

accompanied us from Murphy’s informed us, that

when he first vi.sited the place two years ago. he

rode through it on horseback for 200 feet without

stooping, hut at one spot as he entered at the root.

We all walked many scores of feet through it. but

large piece of its side has fallen. in near the head

But there are many standing whose magnitude

absolutely oppress the mind with awe. In one

place, three of these gigantic objects gi

by side, as if planted with special reference to

their present appearance. Another so mon.strous

to ab.solutely compel you to walk around it,

and even linger, is divided at from fifty to a hun

dred feet from the ground into three of the»

Blraight mammoth trunks, towering over three

hundred feet into the sky. There are others,

whose proportions are as delicate, symmetrical,

clean and straight as small spruces, that rise three

hundred and fifty feet from tho ground. In one

spot a huge knot of some ancient prostrate giant

isible aliove the soil, where it fell ages ago.

and the earth has accumulated so as nearly to

obliterate all traces of its former existence. The

wood of this tree, I am told by Mr. Lapham, is

remarkable for its slow decay. When first cut

down its fibre is white, but it soon becomes red-

dish, and long exposure makes it as dark as ma

hogany; it is soft and resembles in some respects

pine and cedar. Its hark, however, is much unlike

these trees ; nearest tho ground it is prodigiously

thick, fibrous, and when pressed on has a peculiar

feeling of elasticity. In some places it is eighteen

nches thick, and resembles a ma-ss of cocoa-nut

husks thickly matted and pressed together, only

the fibrous material is exceedingly fine, and alto-

gether unlike the husk of the cocoa-nut. This

hark is fissured irregularly with numerous inden-

tations, which give it the appearance of great

quality and roughness. A hundred and fifty feet

from the ground it is only about two inches thick

the living tree, which is now being stript of its

bark for transportation from the country.

The cone of this' tree ia small and compact, and

nearly regularly oval
;
and although the tree itself

is the largest of the conifera, its fruit is as small

that of the dwarfish pines of North Carolina and

Cape Cod. Its foliage is not, as a general thin

altogether agreeable to the eye, a.s the head of the

tree is small in proportion to the size snd height

of the trunk. But the boughs, when examined

more clo.scly. are bright-green, rather com plicated

and delicate in structure, and pleasing to the mind

by contrast with the rough snd gigantic stem

and branch from which they spring.

The name that has been applied to this tree by

Prof. Bindley, an Engli.sh botanist, is Wellingto-

nia Gigantea. By him it is declared to be so

much unlike other conifera as not only to be i

new .species, hut to require description as a nen

genus. Other botanists, of eminence, think differ

cnlly. To this, however, he has seen fit to apply

the name of an English hero, a step indicating as

much personal arrogance or wc.vkness as scientific

indelicacy ;
for it must hare been a prominent

idea in the mind of that person that American

Naturiili.sls would regard with surprise and re-

luctance the application of a British name, how-

ever mcritoriou.sly honored, when a name so

worthy of immortal honor and renown as that of

\V ASHINGTON would Strike the mind of the world

a.s fur more .suitable to the most gigantic and re-

markable vegetable wonder, indigenous to a coun-

try, where liis name is the most distinguished

ornaiiieiit. As he and his generation dcclaretl

themselves indejicndent of all English rule and

political dicuiliun. so American Naturalists must

ill this case cxpre.ss their respectful dissent from

all Briti.sh scientific “ stamp acts.” If the “Big
Tree ” be not a Taxodiuin, let it be called now
and forever Tcurodium ll'ashingtonium. If it

should he properly ranked as a new genus, then

let it be called to the end of time, M'asAingtonia

Catifornica. The generic name indicates unpar-

alleled greatness and grandeur ; its specific name,

the only locality in the world where it is found.

No names can be more appropriate, and if it be in

accordance with the views of American botanists,

I trust the scientific honor of our country may be

vindicated from foreign indelicacy by boldly dis-

carding the name now applied to it, and by aflSx-

ing to it that of Um imnmrUl mas wboM memory

we all love and honor, and toarh uur chililr«n la

e. Before many age* Rhall elapw ihr roiH-

hand of man, or climatic changi-s, may totallj

annihilate the few giante of this reroarkahle-ra-r

now growing on ami confined to this small

in the Sierra Nerada. .Seeds indeed mar !.«

planted and means employed to prolong iU rxiM.

eaee elaewlsere, but few spot* of earth. perhajM

I, will be so eligible for its natural and

pletc development as its pre-sent locality. I'mif,

any and all eircumstanres, however, whvllm
(.f

perpetuity or extinction, the name of IVelliiiKtua

should be di^airded, and that of Wasiiingi..^

attachal to it, and transmitted to the srhuiuU of

future ages.

At this place is a very excellent public hi>ii-«

kept by an urbane proprietor, who .v|>nrci| 1,9

pains tointcre.st us and give all inforinatiun in hu

power. The half 1 hcanl or saw, I have not ii,u„|

here. The hotel is built near the “ Big Tnv.''

whose bark was stripped last year and exliihii,q

in San Francisco. An appendage of the Iiuum.- u
built over it, and it constitutes a hall fur cotilliu,,

iwrlies ;
at the root it measures nincty-si.\ f«-l ii,

circumference, snd a portion of its prostrate truck

is used for a bowling alley. To overthruw it

holes were bored through it wjlh a large auger,

and after the trunk was mostly scparatol,

tempts were made to wetlge snd upset it. Ilm

its immense size snd weight prevented the niiciv-,s

of this undertaking, and on the fourth day it fell

by the force of a strong wind. In fulling, it con-

vulsed the earth, and by its weight forced the soil

from beneath it so that it lies in a great treiM-li,

and mud and stones were driven near a liimdreil

feet high, where they hare left their marks on

neighboring trees.

The coolest, purest, choicest water in the world

is here. I have never tasted such water in all

my wanderings over the earth. The well that

supplies it is sunk twenty- two feet, through coarse

sienitic sand snd fine angular gravel, ajqiareiiUy

the mere unwashed detritus of the neighboring

ridges of the ba.sin, and the water stands twelve

feet deep in the well.

Here we Rpent the night
; rose early and in-

spected the forests, and contributed a large share

of blood for the mainlcnaiico of the numerous

musketos that infest the luxuriant uniler-growitis

of the moist and teenxing soil. The abundance of

these pertinacious and renoinous creatures was

the only drawback to our enjoyment ; but I have

seen them no where cl.se, away from the della,

and even during the night the cool temperature

destroyed their activity here.

The night spent here was delightful. The moon

shone with unparalleled splendor, and the nliiio.s-

pherc was .so pure that it seemed as if the stars

of heaven had quadrupled in numlier. 1 .shall

never forget this night, nor the first glimpses of

the rising moon as her mild and pensive lieams

penetrated the waving foliage of two mighty

giants not far from me. O glorious orb I how

thou stealcst the heart from strong men’s breasts,

and on t’ly lambent beams Iransporle.st ilalhwart

a continent and layc.st it down in the silent cham-

bers of the beloverl ! Only assure us that thoa

lendcst it thy pencils to paint pleasant dreams 00

the slumbering souls of the little and the weary,

and wc will yield it gladly and rejoicingly to thy

benign sway. As silent a.s is thy voice and iufia-

ence, so sweetly shall that heart pass to its re-

po.sc; and the imagc.s of the distant and beloved

shall rise or vanish as thy beams brighten or the

night grows dark.

Respectfully, yours, C. F. Winslow.

Rain in Sacra.mento.—We were at our

“ Home” in Sacramento on the morning of the

21st, and were surprised on awakening to find a

cool, cloudy morning—and at .6 a. .m. to find the

rain falling as gently as one of our old faHhiontd

“April showers,” in New England. After the

preceding hot Sunday, the change was most

agreeable. The air had a most delicious frc.-Ji-

ness—the birds sang their songs anew—children

awoke merrily—the iambs were seen to sport

friskily, and nature robed herself with a clcaa

blue above and a bright green beneath. O there

was a freshne.ss that made all feci happy, for

the memory of such showers awoke scenes of

by-gone days, and the tear-drop stood in the eye

of all, like as the dew-drop upon the new opened

flower.

To Remove Masks raoM Tables.

—

Ho*

dishes sometimes leave whitish marks on var-

nished tables, when set, as they should not be,

carelessly upon them. To remove it, pour som*

lamp oil on the spot, and rub it hard with a loft

cloth. Then pour on a little spirits, snd rub i*

dry with another cloth, and the white mark w>U

dinppear, fearing the table as bright at btlore.

Fig. 1. Original description by Winslow of Taxodium Wa^hlngtonium and Wasbingtonia Californka.



Sequoia gigantea— St. John AND KrAUSS

Hooker’s Journal of Botany and Kew Garden

Miscellany (7: 29, 1855); and this reprint was

reprinted in the Gardeners Chronicle and

Agricultural Gazette (1: 7-8; 1855, January

6). In both of these, the significant phrase

appears as, "If the 'Big Tree’ be a Taxodium,

let it be called . . . Taxodium Washington-

iumG Thus, the editors had altered the quoted

passage, removing the negative that was in

the original by Winslow, viz: "If the 'Big

Tree’ be not [italics ours] a Taxodium, let it

be called now and forever Taxodium Washing-

tonium!' Winslow wrote well-phrased and

grammatical English, so there is little doubt

but that if he had been allowed to proof-read

his letter before publication he would have

removed the "not" which made the sentence

nonsensical. If he deemed the tree not to be

a Taxodium, why would he coin a name for it

in that genus? Two generations later, G. B.

Sudworth revived this first name of Winslow’s,

but he altered its spelling to Sequoia washing-

toniana (Winslow) Sudw. (1897: 61-62). Here

he made the new combination without ex-

planation or discussion, but later (1898: 28-

29; and 1927: 32-33) again used the name
and here gave a lengthy explanation. He
found the name valid under Article VI of the

Rochester Code of Nomenclature, which he

was following. That code is no longer used,

but Sudworth ’s concluding paragraph con-

cerning this article is worth quoting.

In interpreting the fundamental object of

this article cited for the publication of species

and applying it to all cases likely to arise, it

would seem the duty of the interpreter to

abide by the principle involved in the law,

and to be influenced rather by the actual mean-
ing of the describer’s combined words than

by his unfortunate lack of technical procedure
in description.

These check lists of tree names by Sud-

worth were official for the United States For-

est Service, so the names in it were used by the

foresters, but Sequoia washingtoniana (Winslow
emend. Sudw.) Sudw. was little used by bot-

anists. It was, however, adopted by J. G.
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Lemmon (1898: 171-172), former botanist of

the California State Board of Forestry, and

is currently used by Harlow and Harrar

(1941: 193).

To return to the two names published by

Winslow, Taxodium Washingtonium and Wash-

ingtonia Californica, we note that he did not

assert that the name Wellingtonia gigantea

Lindl. was invalid. As an American he dis-

liked having the American big tree named for

a British general, consequently he deliberately

renamed it. It was unknown to the layman

Winslow that Findley’s generic name Wel-

lingtonia happened to be illegitimate, being

a later homonym of Wellingtonia Meisner pub-

lished in 1840 for a member of the Sabiaceae.

So, actually, the new generic name by Findley

was invalid, and as a distinct genus the tree

still needed a name, but what of the specific

epithet gigantea given by Findley? The earlier

Sequoia gigantea Endl. (1847) was based on a

sterile specimen collected by David Douglas;

on a published letter of Douglas’ referring

apparently to the redwood; and on two ref-

erences to Hooker and Arnott’s names in

The Botany of Captain Beecheys Voyage, in part

referring back to the same Douglas reference,

in part to Abies religiosa, and in part to Abies

bracteata. When Findley first published his

W. gigantea, he introduced the subject by

discussing the basis of Sequoia gigantea Endl.

and eliminating it (1853^.' 819). Findley then

briefly described a specimen of the big tree

sent by Lobb from the Sierra Nivada [Nevada]

of California. He named it Wellingtonia gigan-

tea. It is perfectly clear from the previous

context that the specific epithet used here,

gigantea, was new, not one transferred from

the confused and illegitimate Sequoia gigantea

Endl. In consequence, the specific epithet

gigantea, published in 1855 by Findley, was

legitimate, the first such one for the tree in

question. So, when Winslow cited Findley’s

binomial, the real basis of his concept, he had

no right to reject Findley’s specific epithet

gigantea. It has priority over the specific epi-

thets of both the binomials proposed by
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Winslow. Essentially, Winslow proposed two

names for the big tree, representing two pos-

sible taxonomic placements — Taxodmm

Washingtonium or Washingtonia Californica.

He gave more discussion of the name Wash-

ingtonia, but upon careful analysis it is seen

that Winslow expressed no opinion, made no

choice. He said (or meant to say), if it is

considered a species of Taxodmm, call it T.

Washingtonhm; if it is a genus, let it be called

Washingtonia Californica. Under the Interna-

tional Code ofBotanical Nomenclature (1952)

,

a portion of Article 43 applies here: "A name

... (2) which is merely proposed in anticipa-

tion of future acceptance of the group con-

cerned, or of a particular circumscription,

position or rank of the group (so-called pro-

visional name), ... is not validly published.”

The two names published by Winslow might

fall under the class of alternative names, and

these are proscribed, but only if published

afterJan. 1, 1953. By implication, if published

before 1953, alternative names are valid. How-
ever, they equally well fall under the first

section of Article 43: ”A name (1) which is

not accepted by the author who published it,

. . . is not validly published.” By this pro-

vision both of Winslow’s names are invalid.

The fact that he proposed two of them with-

out himself accepting either, does not neces-

sarily protect them as alternative names, be-

cause he, the publishing author, did not

accept them himself and they are in every

sense provisional names. Also applicable is

Article 73, "A name is illegitimate in the

following cases: (1) If it was nomenclaturally

superfluous when published, i.e. if the taxon

to which it was applied, as circumscribed by

its author, included the type of a name or

epithet which ought to have been adopted

under one or more of the rules.” The epithet

gigantea of Bindley was available for use under

either Taxodium or Washingtonia. The fact that

Winslow did not adopt it in either genus,

renders his two epithets superfluous and

illegitimate.

Taxodium giganteum (Lindl.) Kellogg &

Behr (1855 [see ed. 2, 1873]: 51) was a name
that appeared in print in a San Francisco news-

paper, The Pacific, in a report of a meeting

of the California Academy of Sciences on
May 7, 1855. The two authors reported on
this "Great Tree” of California. They pub-

lished a new binomial for it and a four-line

Latin diagnosis, then a long and detailed de-

scription in English. This description is more
nearly complete than the previously pub-

lished ones. It may have been wholly inde-

pendent, even though numerous descriptive

words and phrases are suspiciously like the

ones used by Bindley in his earlier description

of Wellingtonia gigantea. However, the de-

scription is longer and contains new details

and larger measurement of height and dia-

meter of tree. Hence, it seems certain that

many of the details were from new reports or

personal examination of specimens of the

tree. Their binomial has usually been regarded

as a new and independent name. It must be

noted, however, that in their introductory

paragraph it is stated that they "reported on

the species of Taxodium, improperly described

by English authors as Wellingtonia. ...” They

thus referred to the earlier publication of the

tree by the Englishman, Professor John Find-

ley, as Wellingtonia gigantea. To the writers,

it seems that the new name printed by Kel-

logg and Behr is better considered a transfer

based upon Wellingtonia gigantea Lindl. Nei-

ther of the two alternative interpretations of

the authorship has any great importance now.

Botanists of today do not consider that this

big tree belongs in the genus Taxodium, so

this particular generic placement is not ac-

cepted. As a specific epithet, giganteum, if new

with Kellogg and Behr, is later than its orig-

inal publication as Wellingtonia gigantea Lindl.

(1853) and of Sequoia gigantea (Lindl.) Dene.

(1854), so one of these two epithets, as the

earlier, was available for transfer to some other

genus, but not to Sequoia, because of the still

earlier Sequoia gigantea Endl. (1847), which is

a synonym of 5. sempervirens.

Sequoia Wellingtonia Seemann (1855: 27)
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was published in a column of current notes,

without a real title to the article, but signed

by Seemann, the editor of the journaL He
referred to the article in which Winslow re-

jected as distasteful the name Wellingtonia

gigantea Lindl. for the big tree and proposed

for it the provisional names Taxodium Wash-

ingtonium and Washingtonia Californica. See-

mann rejected both of Winslow’s names as

invalid. Then in a footnote he mentions ex-

amining at Kew the specimens on which

Wellingtonia was founded. He observed that

they were identical with Sequoia sempervirens,

saying,* ”Der Unterschied steht einzig und

allein auf dem Papiere, nicht in der Natur.”

Though boldly stated in this manner, his

meaning was, apparently, that he found no

generic distinctions between Wellingtonia and

Sequoia. He pointed out that the specific epi-

thet gigantea could not be transferred to Se-

quoia, as it would there be a later homonym
of S. gigantea Endl. He then proposed a new

name for the big Sequoia Wellingtonia

Seem.—and mentioned receiving satisfactory

dried specimens of it from Herr F. Scheer.

From the context, and from the fact that he

was renaming Findley’s Wellingtonia gigantea,

it is evident that Seemann’s new specific epi-

thet was the generic name of Findley. Hence,

Seemann wrote it, and it may still be written.

Sequoia Wellingtonia, the specific epithet being

capitalized. This binomial supplied the first

legitimate specific epithet for the big tree in

the genus Sequoia. Three years later Seemann

published (1858) an extended account of his

Sequoia Wellingtonia. It already had an exten-

sive literature, and his brief references added

up to half a column. For instance, in the year

1856, there were in the Gardeners Chronicle

references to the big tree in 14 different arti-

cles. Seemann summarized these accounts,

both the nontechnical accounts of the tree

and the impressions of it by travelers. He
referred to the publication by Findley of the

big tree as a separate genus Wellingtonia gigan-

tea and recounted how this was resented by

many Americans as a national affront. An
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American on the Atlantic coast renamed it

Americas gigantea, while one on the Pacific

coast renamed it Taxodium Washingtonium or

Washingtonia Californica. Seemann had in 1855

formed the opinion that the big tree was not

genetically distinct from the redwood and had

curtly rejected Findley’s genus Wellingtonia.

Again, in this second account he kept to this

view. He tabulated the synonomy of the two

species. Sequoia sempervirens and Sequoia Wel-

lingtonia, and for the latter recorded the ver-

nacular names, "Mammoth-tree, Big-tree,

Wellingtonie.’’

For Sequoia Wellingtonia, Seemann pub-

lished a large, full-length engraving. He de-

tailed the location of the several known
groves. He gave the various estimated and

recorded sizes of the trees and estimates of

their ages. Then, finally (p. 353), he gave

a methodical description of the big tree, its

trunk, bark, wood, leaf forms, and briefly of

the flowers and cones. This lengthy account

in 1858 completed, but maintained un-

changed, his concept of Sequoia Wellingtonia

Seem, first published in 1855.

For those botanists who refuse to recognize

the big tree as a genus and insist on retaining

it in the same genus as the redwood, the first

legitimate name is Sequoia Wellingtonia Seem.

(1855). This was adopted by Femmon (1898:

171-172). A repressed choice for this classi-

fication was indicated by Tittle (1944: 277)

in his new check list of the trees of the United

States. He said, "5. wellingtonia is the proper

name since 1930 under the International Rules

of Botanical Nomenclature. A majority of the

botanists in California consulted prefer to

continue the illegitimate name Sequoia gigan-

tea, which is so well established in many pub-

lications about these remarkable trees. In the

interests of uniformity and of elimination of

confusion in names, the name S. gigantea is

here accepted by the Forest Service commit-

tee, though my [Tittle’s] personal choice

would be S. wellingtoniaI' It seems that Tittle

was overruled by the other five members of

the committee which consisted of his senior
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dendrologist, Dayton (who had previously

polled the Californian botanists and reported

their preference for S. gigantea), of a repre-

sentative of wildlife management, a wood
technologist, one of timber management, and

one of range management. Little rejected the'

tree as a genus, classified it in Sequoia, under-

stood the rules of nomenclature and correctly

applied them, and his chosen name was then

rejected by the committee representing the

various branches of forestry.

Gigantahies Wellingtoniana J. Nelson (pub-

lished under the pseudonym Senilis) (1866:

79-83) included a new specific epithet for the

big tree. We have already discussed the status

of Gigantahies while considering the generic

names of the big tree. Nelson explained at

length and in effusive style that his deliberate

renaming of Wellingtonia gigantea Lindl. was

because of his dislike of generic names honor-

ing people. He included a lengthy descrip-

tion, citation of its occurrence in Calaveras

County, Upper California, mention of visitors

who had reported about the grove—Murray,

Black, Grosvenor, Renny, and others—but

did not cite any actual specimens. It is per-

fectly clear that his names applied to the big

tree previously described and given legitimate

specific epithets by Bindley and by Seemann,

and that he knew of one, if not of both, of

these epithets. His epithet was superfluous

and illegitimate. From the 1952 International

Code, the following apply: Article 73, "A
name is illegitimate in the following cases:

(1) If it was nomenclaturally superfluous when
published. . .

.” Also, Article 79, "Specific and

infraspecific epithets are illegitimate in the

following special cases and must be rejected

... (4) When they were published in works

in which the Linnean system of binary nomen-
clature for species was not consistently em-

ployed.” Both of these rules apply and def-

initely outlaw the epithet Wellingtoniana of

Nelson.

CONCLUSION: For those botanists who, like

the writers, see generic significance in the

impressive total of fundamental morpholo-

gical differences briefly stated herewith, the

big tree was correctly classified by Buchholz

(1939: 536) 2LsSequoiadendrongiganteum (Lindl.)

Buchholz, but because of the existence of the

earlier name Americus Anon., we propose that

the generic name Sequoiadendron be made a

nomen genericum conservandum.

SUMMARY

The proposal in 1939 by Buchholz that the

Californian big tree, formerly placed in Se-

quoia, be classified as a monotypic genus,

Sequoiadendron, is reviewed. The morpholo-

gical differences between the two are numer-

ous and generically significant, so the latter

is accepted as a distinct genus. The botanical

and nomenclatural history of the two is re-

viewed. The redwood remains unchanged as

Sequoia sempervirens (D. Don in Lamb.) Endl.

For those who insist that the big tree must

remain in that same genus, the legitimate

name is Sequoia Wellingtonia Seem. For those

who agree with the writers that the big tree

is amply distinct and represents a genus, there

are still problems in nomenclature. The gen-

eric name Wellingtonia Lindl. is a later homo-
nym and illegitimate. Washingtonia Winslow

is a later homonym and invalid. Gigantahies

J. Nelson is not a generic name. Americus

Anon, is legitimate, but not worthy of adop-

tion. Steinhauera Presl, based upon fossil

plants, is illegitimate for application to a

genus of living plants. Sequoiadendron Buch-

holz is a good name, based upon careful and

original research on the plants. Though later

than Americus, we propose that Sequoiadendron

be adopted as a nomen genericum conservan-

dum. Among the published specific epithets,

the following are illegitimate and unavailable

for use with Sequoiadendron: Sequoia gigantea

Endl., S. Wellingtonia Seem., S. gigantea Dene.,

Taxodium Washingtonium Winslow, Washing-

tonia Californica Winslow, Gigantahies Welling-

toniana]. Nelson, S. washingtoniana (Winslow

emend. Sudw.) Sudw., and Steinhauera gigan-

tea (Lindl.) Ktze. in Voss. The first available

epithet was published in the binomial Welling-
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tonia gigantea LindL, and this epithet, distinct

from the earlier Sequoia gigantea EndL, is

definitely based upon the big tree and is

available for use in the combination Sequoia-

dendron giganteum (LindL) Buchholz, if that

generic name is subsequently conserved, as

here recommended.
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Some Results from the Swedish ''Albatross” Cruise^

Hans Pettersson^

Six years ago, lace in November, 1947, the

Swedish research ship, the 1,450-ton motor

schooner "Albatross,” on its round-the-world

cruise entered the harbor of Honolulu, where

we had a magnificent reception. Two years

later, in December, 1949, I was invited over

here from the Mainland to give a preliminary

survey of the main results of the cruise ob-

tained through work in the Oceanographic

Institute in Goteborg and in collaborating

institutes in Sweden and abroad to that time.

Now, 4 years later, I am happy to say that

fair progress has been made in this work, so

that already some volumes of our "Reports

from the Swedish Deep-Sea Expedition” have

been printed, and more are coming.

We have also had the satisfaction of seeing

other deep-sea cruises, sent out from Den-

mark, from Great Britain, and from the United

States, working on the lines the "Albatross”

followed, partly with aid of the technique

developed in Sweden, and also that their re-

sults have on several important points con-

firmed our own.

I shall now give a summary of the results

gained since I was here last, particularly those

in submarine geology.

^ Digest of a lecture delivered at the University of

Hawaii, January 6, 1954, sponsored by the Hawaiian
Academy of Science, the Geophysical Society of Ha-
waii, and the Hawaii chapter of the Society of the

Sigma Xi. Manuscript received February 5, 1954.
2 Director, Oceanografiska Institutet, Goteborg,

Sweden.

A glance at a map of the world which

indicates the depths of the oceans will show

you immediately why the Pacific Ocean, and

especially its central parts, are the cherished

hunting ground of deep-sea oceanographers.

Here is the greatest area of ocean deeper than

4,000 metres, or 13,000 feet. From these

depths the Hawaiian Islands ri5e as great

mountains.

Our cruise here through the equatorial

Pacific Ocean, from the Galapagos Islands

to the Philippine Islands, crisscrossing the

equatorial current system, took us 5 months

to accomplish, one third of the time alloted

for our whole cruise. The course we followed

is shown on the map accompanying my earlier

article in Pacific Science (2 [4]: 231-238). Be-

tween Tahiti and Oahu we followed the

course of H.M.S. "Challenger,” made over

70 years earlier, but in the opposite direction.

Here Sir John Murray had found indications

of the sediment having accumulated with

extreme slowness. Here, therefore, the piston

corer, invented and manipulated on board by

Dr. Kullenberg, would be likely, with its

maximum range of 60 to 70 feet, to penetrate

further backward in time than anywhere else.

Thanks to radioactive age-determinations

made in Goteborg on different sediment lay-

ers in our cores, we are now able to say that

the Mid-Pacific Red clay increases in thick-

ness by about 1 millimetre in 1,000 years.

This implies that, for adding 1 inch to the

sediment carpet in that area, some 25,000

359
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years of uninterrupted sedimentation are re-

quired.

Only a few words about these radioactive

age-determinations, as applied to submarine

chronology. Some 15 years ago I ventured

to explain the mysteriously high radium con-

tent of the Red clay and of the Radiolarian

ooze as due to a precipitation onto the ocean

bottom of radium’s mother element, ionium,

together with ferric hydroxide. Granting this

to be true, the content of "ionium-supported”

radium in the deposit should decrease with

increasing distance below the sediment sur-

face at a rate correlated with the half-period

of ionium decay, that is, to 50 per cent in

83,000 years, to 25 per cent in 166,000 years,

etc. This presupposes that there is no sensible

amount of the ancestral element, uranium,

present in the deposit. Both assumptions, a

lack of uranium and a surplus of ionium near

the sediment surface, have been confirmed

recently through investigations on "Alba-

tross” cores by Professor F. Hecht in Vienna

and by Dr. E. Picciotto in Brussels, whereas

Dr. V. Kroll in Goteborg has carried out

most of the radium determinations.

However, age-determinations from radium

measurements alone are not such a simple,

straightforward work as the ionium-precipi-

tation hypothesis would lead us to believe,

possibly because of radium’s tendency to mi-

grate downward in the sediment column,

leaving behind its more stationary mother-

element, ionium.^ Although this makes the

technique more complicated, it is still possi-

ble, with due precautions, to use measure-

ments of the vertical distribution of radio-

activity along a sediment core as a means

of determining its past rate of deposition.

There are, however, also other, more in-

direct methods for attacking the difficult

problem of submarine geochronology, for

example, the dating of different sediment lay-

^ Recent ionium determinations in our Red clay

samples do not lend support to this migration hypo-
thesis, except possibly as a contributory influence on
the radium distribution in the cores.

ers. One of these methods depends on a

careful analysis of the calcareous Foramini-

fera shells present in different strata and the

presence of more or less heat-loving or "ther-

mophile” species. This really amounts to a

paleoclimatological study of the temperature

variations in the surface layers of the ocean

which have become reflected in the plankton

organisms it has contained. In this manner,

indications by the "thermometer” which a

sediment core represents can be linked up

with known and datable variations in the

temperature on the continents due to cold

(glacial) and warm (interglacial) ages. This,

so to say, biological age-determination was

first extensively used on cores from the Ger-

man "Meteor” expedition by W. Schott and

later on "Albatross” cores by Schott in Gote-

borg, by C. D. Ovey in London, and especially

by F. Phleger, F. Parker, and J. Pierson in

the Scripps Institution of Oceanography in

La Jolla.

The geologist of our expedition, Dr. G.

Arrhenius, a year ago published a compre-

hensive study of the "Albatross” cores from

the eastern Pacific Ocean. In this pioneer

work of great importance to deep-sea research,

Arrhenius has very carefully compared differ-

ent sediment components such as carbonate

of lime, humus-carbon, nitrogen, phosphor-

us, iron, manganese, titanium, etc. In this

manner and utilizing also the biogenic com-

ponents, Arrhenius was able to correlate the

different strata in cores from very wide re-

gions and to ascribe these strata to different

stages and substages of continental glaciation.

Assuming titanium to be the least variable

of all the inorganic components in the de-

posits, Arrhenius calculated the rate of ac-

cruement of titanium to the sediment from the

"lutite veil,” that is, the finest clay-particles

suspended in ocean water. In this manner he

calculated the "titanium age” of the different

layers in different cores. He further obtained a

basis for this chronology from measurements

by the radio-carbon dating method made in

collaboration with F. Libby and Kjellberg of
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the rate of deposition in a certain core from

the region considered. Arrhenius also drew in-

ferences from his core analyses regarding the

intensity and location of the equatorial cur-

rent system during the Quaternary Age. Not
all Arrhenius’ conclusions are accepted by

other workers in the field, especially not the

titanium-age calculations. Recent discoveries

of an unexpectedly high titanium content in

certain metamorphosed rocks on the Hawaiian

Islands appear to make it more difiicult to

accept any conclusion regarding a constant

rate of accruement of this element to the

bottom sediments. Nevertheless, the thesis

published by Arrhenius is of outstanding

value to future work on deep-sea geology.

There are some aspects of our results which

I consider to be of particular interest. One of

these regards submarine volcanism. It is well

known that the Pacific Ocean, both in its

peripheral and in its central parts, has been

an area of extensive volcanic activity and that

its numerous islands have largely been built

up from submarine volcanoes, the most mo-
numental of which are these islands of Ha-

waii. The "Albatross” cruise afforded ample

evidence that submarine volcanic action has

also worked in a horizontal direction, pro-

ducing extensive lava beds on the ocean floor.

For many years I have been of the opinion

that submarine volcanic activity must also

have had important geochemical effects by

releasing magmatic volatiles like carbon di-

oxide and mineral acids and that these have

been active in dissolving away the lime from

calcareous oozes and transforming them into

Red clay and Radiolarian ooze. This would

explain how these sediments can have been

formed during the Tertiary Age when the

temperature of the bottom water in great

ocean depths must have been much higher

than at present and when no Antarctic Bot-

tom Current, generally held responsible for

the dissolving away of the lime, swept over

the ocean floor. That Red clay of Tertiary

Age, formed under these conditions, actually

exists in great depths was first proved by the
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long cores raised by the "Albatross.” Some
prominent geologists and oceanographers,

such as W. Rubey and R. Revelle, have

argued that the water filling the ocean basins

has also been largely derived from magmatic

volatiles released from the substratum be-

neath the ocean floor.

It seems to me that the central Pacific

Ocean, especially the vicinity of the Hawaiian

Islands, affords an ideal field for testing this

hypothesis, a view I found strongly supported

by the late master of volcanology, Professor

T.Jaggar.

A most important fact learned from the

"Albatross” cruise, afterward confirmed from

other expeditions, is the unexpectedly high

geothermal gradient in the deep-sea deposits,

quite as high as, if not even higher than, the

average value for the continents. It seems

reasonable to assume that the supply of geo-

thermal energy below the ocean floor may be

a sign of an extensive "latent” volcanism,

whatever the ultimate source of this accu-

mulated geothermal heat may be.

Two more of our results appear to me
worthy of being mentioned here. Thanks to

co-operation with our great authority on ex-

plosives, Professor W. Weibull of the Bofors

Armament Works, we were able during the

cruise to measure, for the first time, through

a seismic method the thickness of the sedi-

ment carpet spread over the ocean floor.

Geochemical speculations by eminent author-

ities had given 7,000 feet as a probable average

value for the thickness of the Red clay, with

higher values for other, more rapidly accu-

mulating sediments. Weibull’s reflexion meas-

urements gave comparable, in one case even

higher, values for the central Atlantic Ocean

between Madeira and the Mid-Atlantic Ridge.

But to our great surprise the values found

in the central Pacific and also in the Indian

Ocean were only a small fraction of the theo-

retical figures. This latter fact has been amply

confirmed through later measurements by

refraction shooting methods used both from

the British research ship "Challenger” and
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from the "Capricorn” and other expeditions

sent out from Scripps Institution. So far no

explanation for this surprisingly small thick-

ness of sediment in the Pacific Ocean, gen-

erally assumed to be the oldest sea basin,

has been proposed. Possibly a conversion of

already deposited sediment layers into mag-

matized crusts through submarine volcanic

activity may be considered, or else an ex-

tenuation of the seismic waves through inter-

mediate lava layers may be assumed.

Finally I have to mention a great puzzle

to deep-sea geologists which consists in the

displacement of already deposited sediments

through submarine erosion or other agencies.

Investigations on the Radiolarians in "Alba-

tross” cores, especially such from the central

Pacific Ocean, carried out in Goteborg by a

young Australian scientist, W. Riedel, have

proved that in some localities Radiolarians of

recent origin are mixed with such of Tertiary

age. Similar observations on Foraminifera

have been made in the Atlantic Ocean by

Phleger, working on "Albatross” cores, by

Ericson working on Atlantic cores raised from

the "Atlantis,” and on Pacific "Albatross”

cores by Brotzen. On the other hand, by

means of optical methods developed by Jerlov

during the "Albatross” cruise, it has proved

possible to find evidence of submarine ero-

sion due to bottom currents sweeping over

ridges or banks. To assign all such cases or

sediment transportation to the so-called tuf-

bidity currents studied by Kuenen and others

does not appear a sufficient explanation.

Our fond hopes that the deposits from

great ocean depths constitute records which

have remained undisturbed for millions upon
millions of years are obviously not always in

accordance with established facts. However,

to infer from this fact that deep-sea coring

only gives falsified abstracts from the "records

of the deep” is a false conclusion. Already

Arrhenius’ pioneer work on cores from the

eastern Pacific Ocean has proved what valu-

able results the study of long sediment cores

can give for increasing our highly limited

knowledge of the sediment carpet in great

ocean depths. I believe this will become still

more evident when, within a few years, the

"Reports from the Swedish Deep-Sea Ex-

pedition” will have appeared complete in

print.

When the "Albatross” was here in Decem-

ber, 1947
,

I emphasized in a lecture held

before the Honolulu Chamber of Commerce
that your city has an unrivaled position for

the study of the deep ocean floor and for

unraveling its secrets, I am happy to find now
that this view has been gaining support from

leading men of your University. I have had

great pleasure in finding also what important

work is being carried out from the new Ma-
rine Laboratory on Coconut Island and by

the U. S. Fish and Wildlife Service on your

campus, with results which admirably sup-

plement our hydrographic sections across the

Equatorial Current System. I sincerely hope

that when I come here again, as I hope to

do, there will be a new centre for deep-sea

research in operation here, and with this wish

I beg to thank you for having listened to my
exposition tonight.



Decapodous Cephalopod Mollusks from the Marshall Islands'

Gilbert L. Voss^

The cephalopods recorded in this report were

collected in the Marshall Islands partly during

Operation Crossroads by the oceanographic

section of Joint Task Force One under the

direction of Commander Roger Revelle in

1946 and the Bikini Scientific Resurvey under

the direction of Captain Christian L. Engle-

man in 1947, and partly by the Pacific Science

Board. Although the collection is a small one

numbering only seven species and 27 spec-

imens, it comprises the only records from

this group of islands since the report by

Hoyle in 1904 on the collections made by the

"Albatross” in 1899-1900.

Of the 27 specimens represented, only a

single specimen was collected in 1947, five

were taken by R. W. Hiatt under the auspices

of the Pacific Science Board at Arno Atoll,

and those remaining were cpllected in the

original survey made in 1946. The Operation

Crossroads material was collected by the fol-

lowing individuals: J. C. Mart, L. P. Schultz,

Birch, Frank Cali, J. P. Morrison, Myers, and

Smith. It is interesting to note that Hoyle

listed only one species of squid taken by the

"Albatross” in these waters, Euprymna steno-

dactyla (Grant), of which ten specimens were

collected in 1946.

The present specimens were all collected

at the surface at night by means of a dip net

and submarine light.

^ Contribution No. 122 from the Marine Laboratory,

University of Miami. Manuscript received September

24
, 1953 .

2 The Marine Laboratory, University of Miami,

Coral Gables, Florida.

The author wishes to thank Dr. Grace E.

Pickford, of the Bingham Oceanographic

Laboratory, and the Pacific Science Board for

the opportunity to work up the present mate-

rial. He is also grateful to the officials of the

U. S. National Museum, and especially Dr.

Harald A. Rehder, Curator of Mollusks, for

making the facilities of that institution avail-

able during the course of the study.

Division MYOPSIDA

Family SEPIIDAE

Genus Sepia Linnaeus, 1758

Sepia bandensis Adam, 1939

Sepia handensis Adam, 1939^ (original de-

scription).

localities; Arno Atoll; Ine village, Ine

Island, from lagoon reef fiat near outer por-

tion; R. W. Hiatt, June-September, 1950.

Three females, U. S. N. M. 574869.

Arno Atoll; Ine Island, from outer lagoon

reef slope; R. W. Hiatt, June-September,

1950. Two females, U.S.N.M. 574868.

NOTES: The five specimens from Arno Atoll

have been placed, with some hesitation, in

the above species. The minute posterior spine

on the shell and the arrangement, size, and

distribution of the suckers of the tentacular

club appear to be identical with those de-

scribed and figured by Adam (1939^^)- Other-

wise their possible relationship to S. tuber-

culata and S. papillata seem to offer the same

problem as discussed by him.
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The specimens show a considerable rugos-

ity on the dorsal surface of the head, the

dorsolateral, and parts of the ventral surface

of the mantle. This may have been caused by

shipment wrapped in cheesecloth but this is

uncertain. There are several tubercles over the

eyes, a small patch of six or seven below each

eye at the base of the arms, and a double row

of elongated papillae or ridges on the latero-

ventral surface of the mantle near the fins.

It is interesting to note that no Sepia have

been recorded from the Hawaiian Islands,

which appear to share an otherwise similar

cephalopodan fauna, although they are nu-

merous to the westward throughout the East

Indies, the Philippines, and Japan. The pres-

ent specimens appear to be the most eastern

Pacific record to date.

Family SEPIOLIDAE

Genus Euprymna Steenstrup, 1887

Euprymna stenodactyla Grant, 1835

Sepiola stenodactyla Grant, 1835 (original de-

scription).

Euprymna stenodactyla, Hoyle, 1904.

LOCALITIES: Bikini Atoll, lagoon; Schultz

and Morrison, April 23, 1946. One male,

U.S.N.M. 574219.

Bikini Atoll, lagoon; Schultz, April 24,

1946. One male, two females, U.S.N.M.

574257.

Bikini Atoll, lagoon; Schultz, April 26,

1946. One female, U.S.N.M. 574253.

Rongelap Atoll, lagoon; J. Mart, June 27,

1946. Two males, two juveniles, U.S.N.M.

574826.

Bikini Atoll, lagoon; Myers, Schultz, and

Smith, July 15, 1947. One male, U.S.N.M.

574827.

NOTES: The present specimens have been

placed in this species, but their eventual dis-

position must await a much needed thorough

revision of the genus. Hoyle’s (1904) descrip-

tion of this species, based upon the "Alba-

tross” material from Arno Island, is very de-

tailed and supplements Grant’s (1835) rather

limited description in many ways. As Berry

(1912: 315) notes, the differences between E.

stenodactyla, E. scolopes, and E. morsel are trivial

and based almost entirely upon the hecto-

cotylized arm of the males. Indeed, as he

remarks, the description of one Euprymna

might very well do for all the others except

for this organ.

A comparison of the present specimens

with the type of E. scolopes Berry from the

Hawaiian Islands showed a number of differ-

ences in the hectocotylized arm, the present

specimens having larger suckers in only two

rows, but the character of the hectocotylized

arm being more dorsally curled in E. scolopes

does not seem tenable, as this is in direct

relationship to the preservation of the animal.

The name scolopes is misleading, as the present

specimens also have distinctly palisaded pedi-

cels on the hectocotylized arms.

As remarked above, the modified suckers

of the right dorsal arm in the male are very

large, in only two regular rows, and are born

upon the ends of heavy stalks or pedicels.

The rings are smooth and are closed by fleshy

protuberances or dactyls which give them the

appearance described by Hoyle and Berry of

having only a dorsal slit or mouth-like

opening.

Family LOLIGINIDAE

Genus Sepioteuthis Blainville, 1824

Sepiotheuthis lessoniana (Lesson, 1830)

Sepioteuthis lessoniana Ferussac, 1826 (nomen

nudum).

Sepioteuthis lessoniana Lesson, 1830 (original

description)

.

LOCALITIES: Rongelap Atoll, lagoon; J. C.

Mart, June 27, 1946. Three females, U.S.N.

M. 587133.

Rongerik Atoll, lagoon; J. C. Mart, May
31, 1946. One male, three females, U.S.N.M.

587134.

Rongelap Atoll; Lomuilal Island; Schultz,
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July 31, 1946. One male, U.S.N.M. 574197.

notes: This species has been so well cov-

ered by Adam (1939^) that no added remarks

seem necessary. Both Adam (Joe. cit.) and

Sasaki (1929) have considered the Hawaiian

S. arctipinnis Gould as synonymous with S.

lessoniana, and the occurrence of the species

at the Marshall Islands offers a still closer

connection between the Japanese and Ha-

waiian ranges. A single large specimen from

Turnon Bay, Guam Island, Mariannas, col-

lected by Gressitt and Ingram on January 8,

1946, might be added here to supplement

their distribution. Only one of the Marshall

Islands specimens contains the large round

spots about the edges of the fins as illustrated

by Sasaki.

Division OEGOPSIDA

Family ENOPLOTEUTHIDAE

Genus Abralia Gray, 1849

Abralia astrosticta Berry, 1909

Ahralia astrosticta Berry, 1909 (original de-

scription) .

locality: Rongelap Atoll; South Pass;

Birch and Marr, May 16, 1946. One female,

U.S.N.M. 587132.

notes: a single specimen of this rare and

little-known squid was obtained from South

Pass, Rongelap Atoll, and is identical with

the detailed description by Berry (1912) of

this species from the Hawaiian Islands. Un-

fortunately Berry’s type, U.S.N.M. 214313,

was totally destroyed through improper pres-

ervation, and only the bottle with the original

label is extant.

As the description of this species by Berry

(1912 ) is adequate, I am withholding further

comment for a revision of the genus which

is now underway. It should be noted, how-

ever, that this specimen with a mantle length

of 57.0 millimeters is apparently full grown

and the assumption by Pfeifer (1912) that

this species represents a growth stage (jEomp-
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soteuthis-stdigo) is quite without substantiation.

There is no terminal swelling on the end of the

ventral arms, and the arrangement of the

photophores seems consistent with Berry’s

description. This apparently is the only spec-

imen of this rare squid now extant in col-

lections.

Family OMMASTREPHIDAE

Genus Hyaloteuthis Gray, 1849

Hyaloteuthis pelagica (Bose, 1802)

Sepia ^pelagica Bose, 1802 (original descrip-

tion).

Ommastrephes pelagicus, Ferussac and d’Orbig-

ny, 1839.

Hyaloteuthis pelagicus, Pfeffer, 1900.

LOCALITY: Fniwetok Atoll; 4/5 mile south

of Rigili Island; Schultz and Cali, May 25,

1946. One gravid female, U.S.N.M. 574251.

NOTES: This specimen with a mantle length

of 53.0 millimeters agrees very well with

Pfeffer’s (g)p. cit.) and Sasaki’s (1929) figures

and descriptions, and is nearly identical with

the latter’s specimen of 50.0 millimeters man-

tle length from the Bonin Islands. It has been

reported in the Pacific from the following

localities: South Pacific (Pfeffer), Satsuma and

the Bonins (Sasaki), and north of Hawaii

(Rehder) . This new record from the Marshall

Islands therefore considerably increases its

known range in this ocean. It is easily recog-

nized by the presence of 19 large round to

oval photophores regularly distributed over

the ventral surface of the mantle.

Genus Symplectoteuthis Pfeffer, 1900

Symplectoteuthis oualaniensis

(Lesson, 1830)

Loligo oualaniensis Lesson, 1830 (original de-

scription) .

Ommastrephes oualaniensis, d’Orbigny, 1845.

Symplectoteuthis oualaniensis, Pfeffer, 1900.

LOCALITY: Bikini Atoll; Bikini Channel;

Schultz, April 6, 1946.
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NOTES; This specimen agrees well with Sa-

saki’s (1929) description. Apparently only the

left locking cartilage was fused in this spec-

imen, but the area of attachment is so small

that the right side may have been overlooked

and torn loose. The present individual is the

first record of this species from this area of

the Pacific, although Schauinsland (1899) re-

ported it from Laysan Island in the Hawaiian

group and Sasaki {op cit.) reported it from

Formosa, Okinawa, and Japan. It is appar-

ently well distributed in the Indo-Pacific area.

Among the specimens in this collection

were three squid, which were very difficult

to identify, taken from the stomachs of sea

birds. They were partially digested and then

excessively hardened in alcohol so that the

arms and tentacles are fused together and

exceedingly brittle. Upon dissection they

proved to be ommastrephids, and they seem

to be referable to the above species although

the determination is questionable.

LOCALITIES: Bikini Atoll; Ourakaen Island;

Morrison, May 2, 1946. One from booby and

the other from white-capped noddy. U.S.N.

M. 574263.

Rongelap Atoll; Burok Island; Morrison,

July 24, 1946. No other data. U.S.N.M.

574267.
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NOTES

Distribution of the Algal Genera Rhipilia and Sargassum

in the Central Pacific

In assembling marine algal floristic infor-

mation on the Central Pacific, certain peculi-

arities have come to light. One of these is an
apparent exclusiveness of range between the

genera Rhipilia and Sargassum.

Classman (Amer. Midland Nat. 48: 735-740,

1952) reports two species of Sargassum from
Ponape. He found no Rhipilia. Neither genus

has been found in available collections from
Wake Island or Guam. Taylor (Plants of

Bikini, pp. 70-73, 1950) reports Rhipilia

from the four northern Marshall atolls he
studied— Eniwetok, Rongelap, Bikini, and
Rongerik. Despite a thorough study he did

not find Sargassum. Rhipilia geppii Taylor but
not Sargassum is present in collections from
Arno Atoll (southern Marshalls) and Butari-

tari ( northern Gilberts )

.

Of the two genera, Sargassum is abundant
in the Hawaiian archipelago. Rhipilia seems
to be absent. Neither genus has been found
during recent collecting at Johnston Island. In

collections seen from Palmyra (Line Islands),

Rhipilia geppii has appeared but not Sargassum.

Howe and Lyon (Hawaii Col. Pubs., Bui. 4:

31-32, 1916) reported neither genus in their

brief discussion of the algae of Palmyra. Sar-

gassum is absent, likewise, in collections at

hand from Canton Island in the Phoenix
Group. Setchell (Carnegie Inst. Wash., Pub.

341, parts 1, 3, 1924) found two species of

Sargassum at Tutuila in American Samoa, no
Rhipilia; and at Rose Atoll, neither genus.

No Sargassum was found in collecting at

.Aitutaki in the Cook Islands; however, rela-

tively no more than a glimpse of the reef and
lagoon was had. No Sargassum, nor even

Turbinaria, was seen on four northern Tuamo-
tuan atolls visited, although intensive search

was made at Takume and Raroia, where
Rhipilia geppii was found in abundance. At
Tahiti, Setchell (Calif. Univ., Pubs. Bot. 12:

61-142, 1926) distinguished four species of

Sargassum (and the genus is indeed conspi-

cuous there) but not Rhipilia.

Setchell reports an alga, Avrainvillea lacerata

(Harv.
) J. Ag., as occurring at Tahiti "in

extended patches in deep shaded holes in

basalt rocks, upper littoral zone” and elsewhere

there. This does not sound like the ecology

of Rhipilia geppii. To be sure, Taylor after

studying this material notes that this species

though suggestive is distinct from his Rhipilia

geppii. He notes, too, that this Avrainvillea

occurs at Washington Island (Line Islands),

in the northern Marshalls, and in Java. This

genus is considered to be a close relative of

Rhipilia.

The islands which apparently lack Sargassum

are not without algae of world-wide pantropic

or Indo-Pacific distribution. As an example.

Palmyra has yielded Asterocytis ornata (C. Ag.)

Hamel, a world-wide species (at least pole-

ward through temperate waters ) ;
pantropic

elements such as Bryopsis pennata Lam.; and

Indo-Pacific elements such as Goniolithon

frutescens and Caulerpa serrulata. Similar

evidence for other islands where Rhipilia is

present and Sargassum absent militates against

describing the border between this apparent

distribution of the two genera as a division

between zones. A more likely hypothesis is

that there is a gradual biotic change as this

area is passed through and that the large dis-
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tances separating the islands together with

restriction of the consideration to just two, or

few, genera leaves the impression of zonation.

One of the first explanations for these in-

dications of exclusiveness in range to come to

mind is that Sargassum only occurs around high

islands ( igneous substrata, drainage, etc. )

.

However, both Lemmerman (Bot. Jahrb. 34:

607-663, 1905) and Reinbold-Itzehoe

(Naturw. Ver. zu, Bremen, Abhandl. 16: 287-

302, 1899) record Sargassum from Laysan (Ha-
waiian group ) ,

which probably must be classed

as a low island (carbonate substrata, etc.). It

is similarly found about low islands in the

Atlantic. An interesting test of this hypothesis

would be analysis of the presence or absence of

these genera in the Marquesas Islands, which
are a group of high islands as near the equator

as are the low Phoenix and Line islands.

Even though Sargassum, and not Rhipilia,

might occur in the Marquesas, one is still left

with the interesting observation that there is

an area in the Central Pacific (i.e., between

about 141°W and 165°E, and between about

16°N and 16 °S) in which Sargassum has not

yet been reported (Samoa is at about 14°S)

and outside of which, latitudinally, Rhipilia

geppii has not been found. This same area is

one of relatively inactive, or "dead,” reefs.

This central region may prove to be an im-

portant biotic province. The relatively great

development of such species of the genus

Porolithon as P. gardineri, P. aequinoctiale, and
especially P. onkodes in this area supports this

hypothesis.

Sargassum is readily noted and frequently

collected, if present, even by chance visitors

who are not primarily phycologists. Rhipilia,

however, grows in relative seclusion, is usually

less than 5 centimeters tall, and is, therefore,

not frequently collected by others than phy-

cologists. Rhipilia geppii grows among dead

coral branches (e.g., between Pocilopora

branches just behind actively growing lagoon

reef edges and usually a decimeter or two below
the upper general level of the coral surface).

As a rule it looks like clusters of poorly formed

dark green, felt-like, noncalcareous blades on
indistinct stems.

Specimens of Sargassum from any other places

in the Central Pacific, as well as notices of

collections of Rhipilia, could be valuable con-

tributions toward providing the means of a

better explanation for this apparent mutual

range exclusion phenomenon. -— Maxwell S.

Doty, Department of Botany, University of

Hawaii.

Substitute for an Invalid Generic Name
in the Crustacea

Attention has been called to the preoccupa-

tion of the generic name Mesocaris Edmond-
son (Bernice P. Bishop Mus., Occas. Papers 10

(24): 13, 1935) by Mesocaris Ortmann
(Ergebn. Plankton-Exped. 2 (Gb): 73, 82,

1893). To validate the genus of 1935, I

propose to substitute the name Antecaridina

for Mesocaris Edmondson.-

—

C. H. Edmond-
son, Bernice P. Bishop Museum, Honolulu,



News Notes

A much needed Directory of Hydro biological

Laboratories and Personnel in North America,

edited by R. W. Hiatt and a board of persons

outstanding in the general field of hydrobiology,

has been published by the University of Hawaii
Press. It includes 187 fresh-water and marine

laboratories. A wealth of information is given,

including address, affiliation, objectives and

scope of activities, equipment, description of

accommodations available, instructional pro-

gram, and staff. The personnel are listed sep-

arately, with a biographical sketch of each.

Complete with a cross-reference index to the

laboratories, this work will be extremely useful

to all concerned with any aspect of hydro-

biological science.

Hiatt, R. W. Directory of Hydrobiological

Laboratories and Personnel in North America.

Auspices of the Advisory Committee on
Hydrobiology to the Office of Naval Research,

ix -|- 324 pp., 22 figs. University of Hawaii
Press, Honolulu. $3.75.

A revision of S. F. Light’s manual. Intertidal

Invertebrates of the Central California Coast, by
Ralph 1. Smith and several coauthors will be
useful to all persons interested in the coastal

life of western North America, even though

it is prepared primarily as a guide to the fauna

of the central California coast. A short discus-

sion of each major taxonomic unit is followed

by keys which lead to species names where

possible; a list of species follows. Illustrations

are included to assist in use of the keys. Sections

on marine algae and flowering plants, suggested

field studies, and a rather extensive bibliography

add much to the usefulness of this book.

Smith, R. L, et al. Intertidal Invertebrates of the

Central California Coast, xiv -|- 446 pp., 138
figs. University of California Press, Berkeley

and Los Angeles. $5.00.

Sheet 1 of a geological map of New Cale-

donia (scale 1:100,000) has just been re-

ceived. Nine more sheets are in process of

reproduction. This constitutes the first such

map of New Caledonia since that of Piroutet,

1917 (scale 1:1,000,000). The map is based

on field work carried on since 1946 by a

geological mission sent out by I’Office de la

Recherche Scientifique Outre-Mer, I’lnspection

generale des Mines et de la Geologie de la

France d’Outre-Mer, and le Centre National

de la Recherche Scientifique. The mission has

consisted of P. Routhier, A. Arnould, and J.

Avias.

Carte Geologique de la Nouvelle-Caledonie.

La feuille 1: Arama-Poum; with explanatory

notes. Published by I’Office de la Recherche

Scientifique Outre-Mer, 20 rue Monsieur, Paris

(7®). Also for sale by I’lnstitut Fran^ai^

d’Oceanie, Boite postale no. 4, Noumea. 1,20
'

francs metro.
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Manuscript form. Manuscripts should be typed on

one side of standard-size, white bond paper and

double-spaced throughout. Pages should be conse-

cutively numbered in upper right-hand corner. Sheets

should not be fastened together in any way, and should

be mailed flat. Inserts should be either typed on

separate sheets or pasted on proper page, and point

of insertion should be clearly indicated.

Original copy and one carbon copy of manuscript

should be submitted. The author should retain a

carbon copy. Although due care will be taken, the

editors cannot be responsible for loss of manuscripts.

Introduction and summary. It is desirable to state

the purpose and scope of the paper in an introductory

paragraph and to give a summary of results at the

end of the paper.

Dictionary style. It is recommended that authors

follow capitalization, spelling, compounding, abbre-

viations, etc., given in Webster’s New International

Dictionary (unabridged), second edition; or, if de-

sired, the Oxford Dictionary. Abbreviations of titles

of publications should, if possible, follow those given

in U. S. Department of Agriculture Miscellaneous

Publication 337.

Footnotes. Footnotes should be used sparingly and

never for citing references (see later). When used,

footnotes should be consecutively numbered by sup-

erior figures throughout the body of the paper. Foot-

notes should be typed in the body of the manuscript

on a line immediately below the citation, and sep-

arated from the text by lines running across the page.

Citations of printed sources. All references cited

should be listed alphabetically by author at the end

of the paper, typed double-spaced. References to books

and to papers in periodicals should conform to the

following models:

Batzo, Roderick L., and J. K. Ripkin. 1849. A
treatise on Pacific gastropods, vii + 326 pp., 8 figs.,

1 map. Rice and Shipley, Boston.

Crawford, David L. 1920^. New or interesting

Psyllidae of the Pacific Coast (Homop.) . Ent. News

31 (1): 12-14.

1920^. Cerotrioza (Psyllidae, Homoptera).

Hawaii. Ent. Soc., Proc. 4 (2)

:

374-375.

Rock, Joseph F. 1916. The sandalwoods of Hawaii;

a revision of the Hawaiian species of the genus

Santalum. Hawaii Bd. Commrs. Agr. and Forestry,

Din. Forestry Bot., Bui. 3: 1-43, 13 pis.

In the text, sources should be referred to by author,

date, and page, as follows: 'Tt was noted (Rock,

1916: 18) that . . or "Rock (1916: 21-24)

says . .
.”

Quotations. Quoted matter of fewer than five printed

lines (about 200 characters) should be given in the

text in the usual form, using double quote marks.

Longer quotations should be set flush with left

margin. The author is responsible for the accuracy

of quoted material.

Numbers. Decimals, measurements, money, percent-

ages, time; enumerations in which any figure is 10 or

over; and isolated enumerations of 10 and over should

be given in Arabic figures, rather than spelled out,

except when the number begins a sentence.

Illustrative Matter

Illustrations should accompany manuscript, on sep-

arate sheets. Often more valuable than a photograph

is a good line drawing, which may be reproduced by

the zinc etching process.

Figures and graphs. Copy for figures and graphs

should always be drawn large enough to allow for at

least one-third reduction by the engraver. Copy
should consist of carefully prepared line drawings in

one color only, drawn in India ink on plain white

drawing paper or tracing cloth. Co-ordinate paper

with lines in light blue (a color which will not show
in a photograph) may be used; but co-ordinates which

should appear in the finished graph must be drawn
in India ink. If original figures may not be con-

veniently submitted with manuscript, duplicate rough

sketches or photographic prints may be furnished to

aid the editors in their decisions.

It is strongly urged that an indication of scale be

incorporated as a part of all drawings in which

magnification and size are critical considerations.

Photographs. Photographs should be chosen for clarity

in portraying essential information. They should be

printed for contrast, on glossy paper, and should be

sent unmxounted. They should be identified with serial

number written in soft pencil on the back to corres-

pond with list of captions.

Tables. Tabular matter should be kept to a minimum.

Each table should be typed on a separate page, and its

position indicated on the manuscript.

Captions. Readily identifiable captions for figures,

graphs, photographs, and other illustrative matter

should be supplied.

Proofs

Proofs should be corrected immediately and re-

turned at once to the Editor-in-Chief. All queries on

proofs should be answered.

Reprints

Reprints or separates should be ordered when
proofs are returned. Each contribution will entitle the

author (or group of authors) to 50 free reprints,

without covers (these 50 to be divided where more

than one author is named). At the time proofs are

returned, authors may order additional reprints, with

or without covers, at prices indicated in a schedule

accompanying proofs.
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Marine Plants in the Vicinity of

the Institut Oceanographique de Nha Trang, Viet Nam^

E. Yale Dawson^

The Institut Oceanographique de Nha
Trang is situated at 12° north latitude on the

western shore of the South China Sea. Its

splendid physical plant, its magnificent loca-

tion in the midst of the biological wealth of

Nha Trang Bay, and, not the least, the com-

fortable climate of Nha Trang make it the

finest marine laboratory currently operating

in southeastern Asia. Its recent rehabilitation

after a period of decline and temporary aban-

donment during World War II has made its

exceptional field research facilities available to

visiting scientists for the first time in many

years. It was my privilege during early 1953

to enjoy the use of these facilities for a period

of nearly 3 months.^

The long coast of Viet Nam has been one

of the most neglected regions of the world

in the field of algology. The literature con-

tains records of less than a score of species

from the entire coast, most of these listed

nearly a century ago by von Martens (1866).

Our knowledge of the algae of the west side

of the South China Sea has consisted largely

of the works of Tseng on Hainan Island and

Hong Kong, together with Setchell’s studies

ofHong Kong sargassums. These papers rep-

^ Contribution No. 118 from the Allan Hancock
Foundation. Manuscript received September 30, 1953.

2 Associate Professor of Biology in the Allan Han-
cock Foundation, University of Southern California,

Los Angeles,
^ These studies were aided by a contract between

the Office of Naval Research, Department of the Navy,

and the National Academy of Sciences (NR 106 175).

resent only fragments of the whole marine

flora and deal with areas well north of that

now under consideration. Accordingly, it has

been necessary to search practically the entire

literature on tropical and subtropical marine

algae in an effort to identify the plants of Nha
Trang. It will be left to future investigators

to judge the relative success of this explora-

tory effort.

Inasmuch as the facilities of the Institut

Oceanographique will doubtless be used in

the future by zoologists of diverse specialties,

many of them interested in organisms de-

pending directly upon the algae for food,

attachment, or protection, it is felt that the

present account should be made as useful to

that group of students as possible. Hence,

an illustration has been provided for each

species, drawn from the local specimens un-

less otherwise indicated. Artificial keys to the

genera and species are also presented as an

aid to identifications. For the most part, de-

scriptions are limited to comments which, in

addition to the illustrations and keys, may be

necessary for identification purposes. Con-

troversial problems of nomenclature have

purposely been avoided, but the most ap-

plicable taxonomic literature has been cited

for each species as an aid to future students

of algae in the region. Following the citation

of the original description, the type locality

or region is indicated in parentheses.

In order that these future investigators may
be enabled to determine what plant I have



374 PACIFIC SCIENCE, VoL VIII, October, 1954

had in mind in each instance, my field collec-

tion numbers are cited with each species.

These numbers will identify the specimens

of which the first four sets have been dis-

tributed as follows: set 1, U. S. National

Herbarium, Washington; set 2, Bishop Mu-
seum, Honolulu; set 3, Allan Hancock Foun-

dation, Los Angeles; set 4, Institut Oceano-

graphique de Nha Trang. The dates of

collection indicated by these numbers are as

follows: 11065-11217, January 23-February

1, 1953; 11218-11422, February 2-28, 1953;

11423-11454, March 1-18, 1953.
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COLLECTING LOCALITIES

The seaweed collector at Nha Trang finds

the varied marine plants of the region singu-

larly accessible to him. A large proportion of

the species are of intertidal occurrence, and

one needs only to choose the times of es-

pecially low water to find them conveniently

exposed or visible to a wader. The quite

numerous small species inhabiting the living

and dead coral masses of the lagoons are best

obtained by grappling for suitable pieces of

coral which may then be searched carefully

for these specimens in good light. Only a few

species occur which may not be obtained in

one of these ways. The larger of these remain-

ing infratidal species, such as Halymenia and

Titanophora which are of infrequent occurs

rence, may be located by the use of a water

glass and brought up by diver. At depth-

greater than about 4 meters, the algae are

virtually absent from the biota, which con-

sists of a seemingly infinite diversity of

animal forms. Only an occasional macroscop-

ic alga, such as Galaxaura vietnamensis, has

been taken from Nha Trang Bay in depths of

10-30 meters. Accordingly, the following

brief account is concerned mainly with the

more fruitful intertidal habitats in the vicinity

of the Institut Oceanographique.

Cau Da

The shore within 300 meters to the north

and south of the Institut yields an interesting

diversity of algae, particularly calcified forms

associated with living and dead coral. At low

tide the cove to the north of the laboratory is

the best locality for collecting Liagora, Gal-

axatira, Ceratodictyon, Neomerls, Turbmarla,

Boodlea, Dictyosphaeria, and Amphiroa foliacea.

Mesospora is abundant on the smooth rocks

at high-water level. The shallow lagoon im-

mediately adjoining the Institut and north of

the wharf is rich in Padina, Colpomenia, Hydro-

clathrus, Gracilaria crassa, Hypnea, Liagora, etc.

Depths of 1 or 2 meters here are best for

ohtdimvLgllalymenia, Titanophora, Codium, and

Caulerpa serrulata. The shore to the south of

the village of Cau Da is not particularly pro-

ductive of different species, although Ana-

dyomene may be found in small quantity. The

only Ulva association observed by the writer

is on rocks adjoining the village of Truong

Tay.
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Cua Be

The sand and mud flats of Cua Be support

a distinctive flora entirely unlike that of the

coral shore in the vicinity of Cau Da. The

marine phanerogams, particularly Diplanthera,

are dominant here. The shallow pools in the

flats exposed at low tide yield many algae,

some epiphytic on the phanerogams, others

attached to shell and debris or growing di-

rectly in the sand. The more conspicuous of

these are Hypnea, Spyridia, Acanthophora, Pa-

dina, Gracilaria, Rosenvingea, Avrainvillea,

Lyngbya.

A small rocky area along the shore midway

between Cau Da and Truong Dong yields the

only intertidal Sargassum near the Institut.

The best material of Halimeda may be found

in this rocky area.

The Sea Wall

Just beyond Rue de la Poste at Nha Trang

is a short sea wall and a small adjoining area

of rocks. This locality, opposite the main

channel into Nha Trang Bay, is subjected to

the most violent surf of any section of the

inner shore of the bay. The rocks and sea

wall are covered with a dense association of

algae in which the species are almost without

exception different from those found in the

vicinity of Cau Da. The genera and some of

the species are like those which the writer has

observed in similar wave-dashed habitats on

the east side of the Pacific along southern

Mexico. Several of the dominant species are

characteristic of southern Japan and reflect

the effect of violent agitation in counteracting

the lowered solubility of gases in the warmer

waters of lower latitudes. Most conspicuous

are the genera Grateloupia, Gymnogongrus, Chae-

tomorpha, Cladophora, Pterocladia, Porphyra,

and Polysiphonia.

Cu Lao

The shore just east of Cu Lao varies from

sand to rock and supports a number of plants

which are not to be found abundantly else-

where in the bay. Enteromorpha is common in

375

the upper intertidal zone, reflecting the in-

fluence of the fresh water from the Nha Trang

river mouth. Various forms of Colpomenia are

prevalent in the muddy area. A dense bed of

Sargassum occurs on a slightly submerged

rocky strip leading to an islet. On the seaward

side Gelidiella acerosa is abundant enough to

be collected for food, while Anadyomene is

common about the base of large rocks of the

islet.

Infratidal Coral

A number of species of the smaller, in-

conspicuous algae may best be obtained by

searching coral masses pulled up from depths

of 2-3 meters. Those obtainable off the In-

stitut yield such genera as Valonia, Bornetella,

Udotea, Struvea, Acetabularia, Pseudobryopsis,

Lithoporella, Hypoglossum, Gelidiella, Ceramium,

Callithamnion, Halicystis, Actinotrichia, etc., as

well as diverse Rhodomelaceae. Such coral

heads taken from the lagoon at Hon Mieu

yielded a number of species not found at Cau

Da, including several crustose corallines,

Ceramium huysmansii, and Gracilaria eucheum-

oides.

Black Rocks {Roches Noires)

These low rocks, which are entirely awash

at high tide, support a marine flora adapted

to conditions of high oxygenation provided

by the constant wash and surge and the semi-

exposure of this habitat. They lack, however,

the violent pounding of surf such as obtains

at the sea wall locality, and, with only two

or three exceptions, the species differ from

those found in any other habitats known to

the writer in Nha Trang Bay. The dominant

vegetation consists of Chnoospora pacifica, Ect-

ocarpus breviarticulatus

,

and Dermonema frappi-

erii, with lesser components of Chaetomorpha

antennina, Ceramium taylorii, Laurencia, Chon-

dria, etc.

Binh Cang Bay

The rocky shore along the south side of

Binh Cang Bay is readily accessible by Route
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Colonial No. 1, which follows the shore for

several kilometers north of Km. 15. Here the

reef is extensive at low tide, and although the

number of species of algae is rather small,

several are known to occur intertidally only

at this locality: Boergesenla forhesii, Acrocystis

nana, Udotea javensis. Sargassum is abundant

on outer rocks. Anadyomene and Dictyosphaeria

are common, and Valonia aegagropila is a

dominant rock cover along with Gelidium

pusillum. Avrainvillea occurs in sandy pools

inshore on the reef. Hildenbrandia is conspicu-

ous among the stones near high-water mark.

Mangrove

The most readily accessible locality for col-

lecting the algae associated with mangroves

is along Route Colonial No. 1 where it crosses

the mangrove swamp just south of the town

of Ninh Hoa. Here the bay edge of the man-

groves is only 150 meters to the east. Such

characteristic plants as Catenella and Caloglossa

are found, along with several others, on roots

and mud. Halophila beccarii occurs on exposed

mud.

INTERTIDAL STATION LIST

1. Coral cove just north of the laboratory

and below the villas.

2. Cau Da harbor area on either side of the

wharf.

3. Cua Be, rocky shore about 1 km. south

of Cau Da.

4. Sand flats of Cua Be (including scattered

rocks) near village of Truong Dong.

5. Mud flats adjoining Truong Dong.

6. Sea wall and adjoining small area of shore

rocks, near Rue de la Poste, Nha Trang.

7. Coral lagoon on north side of island

known as Hon Mieu, off Cau Da.

8. Low ryolite rock known as Roches Noires,

off north end of lie de Tre.

9. Rocks at base of cliffs below Bao Dai

palace (director’s villa).

10. Shore just east of Cu Lao.

11. Rocky shore of Binh Cang Bay along

Route Colonial No. 1, opposite Hon Cii

Lao.

12. Mangrove area, inner Binh Cang Bay,

just east of Route Colonial No. 1.

13. Southernmost point of island known as

Hon Mieu, off Cau Da.

FLOWERING PLANTS

Key to the Species of Phanerogams

1. Leaves petiolate, the blades -f — oval. .2

Leaves not petiolate, ligulate to linear . , 3

2. Leaves without secondary pinnate veins .

Halophila beccarii

Leaves with 11-14 secondary pinnate veins

Halophila ovalis

3. Leaves linear, about 1 mm. wide

Diplanthera uninervis

Leaves coarse, ligulate, 0.5-1. 2 cm. wide. .

Thalassia hemprichii

Halophila beccarii Ascherson 1871: 302

(Borneo)

LOCAL DISTRIBUTION: Growing in mud ad-

joining mangroves, Sta. 12 (11397).

Halophila ovalis (R. Br.) J. D. Hooker

I860: 45; Ostenfeld 1909: 68. Caulinia

ovalis R. Brown 1810: 339 (tropical Aus-

LOCAL DISTRIBUTION: On sand flats with

Diplanthera and Thalassia^ Sta. 4 (11165,

11417); in sand at 5-7 m. off north end of

lie de Tre (11283); on mud, Sta. 5 (11193).

These several collections show a relatively

small number of veins for this species, 12-14

in the larger sand-flat examples, and 11-13

in the smaller mud-flat examples, but none of

them have as few as 7 veins such as are found

in the closely related H. ovata Gaud.

Diplanthera uninervis (Forsk.) Ascherson

1897: 37; Camus 1942: 1215, figs. 116, 1-5.

Zostera uninervis Forskal 1775: 159 (Red

Sea)
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female flower, X b', f, 2i young male flower, X 3.

Fig. 2a-f

LOCAL DISTRIBUTION: On mud and sand,

Sta. 4-5 (11166, 11418). This is the most

abundant marine phanerogam in the area,

growing on the flats in dense stands of grass-

like habit. It is well exposed at low water.

Thalassia hemprichii (Ehrenb.) Ascherson

1875: 361. Schizotheca hemprichii Ehrenberg

1832: 429 (Red Sea)

Kg- 2g

LOCAL DISTRIBUTION: On sand flats, Sta.

4 (11164, 11431).

BLUE-GREEN ALGAE

Key to the Species of Cyanophya

1. Plants unicellular, forming small colonies

within a gelatinous matrix

Entophysalis conferta
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Fig. 2, a-f, Diplanthera unmervh: a. Habit of a portion of a plant showing rhizome, roots, and erect shoot,

X 2; Z', a leaf tip, X 6; c, a portion of a plant bearing a male flower, X 5; <3^, a portion of a plant bearing a female

flower; e, a young fruit, X 5;/, transection of a leaf, X 15. g, Thalassia hemprichti: An erect shoot and part of a

prostrate stem, X 1.

Individual filaments tapered from base to

apex 5

4. Trichomes 9-12 jd in diameter

Hormothamnion solutum

Trichomes 6-7 m in diameter

. Hormothamnion enteromorphoides

5. Filaments densely packed together, form-

ing an expanded, crustaceous, or plicate

Plants multicellular, filamentous, the fil-

aments free or loosely to densely packed

together 2

2. Individual filaments of a simple row of

uniform cells; heterocysts absent 9

Heterocysts present 3

3. Individual filaments of a simple row of

uniform cells 4
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to bullate, gelatinous colony 7

Filaments relatively free, forming tufts or

velvet-like colonies 6

6. Plants forming velvet-like areas on rocks;

filaments about 25 m in diameter .

. Calothrix pilosa

Plants epiphytic, forming tiny tufts; fil-

aments 9-12 jjL in diameter

Calothrix aeruginea

7. Colonies crustaceous, smooth 8

Colonies plicate-expanded to bullate. . .

Brachytrichia quoyi

8. Forming a film about 250 fx thick on ex-

posed rocks; heterocysts intercalary; cells

irregularly shaped.

Brachytrichia maculans

Forming greenish patches on mangrove

roots; heterocysts basal; cells regularly

shaped Calothrix contarenii

9. Sheaths not present, or very thin and

hyaline, or diffluent. 10

Sheaths present, conspicuous 12

10. Filaments about 6.5-8 /x in diameter. . 1

1

Filaments about 18 ix in diameter

........... Oscillatoria margaritifera

11. Trichomes not constricted at the septa;

filaments epiphytic, adnate, curved

Hydrocoleum lyngbyaceum

Trichomes constricted at the septa; often

on limpets . . . Oscillatoria nigroviridis

12. Filaments agglutinated, forming thin,

crustaceous patches on mangrove roots

Phormidium corium

Filaments fasciculate, entangled or more
or less agglutinated, forming an erect

spongy tuft to 4 cm. high

Symploca hydnoides

Filaments free 13

13. Plants entangled, commonly epiphytic. .

14

Plants forming silky colonies on rock

surfaces; trichomes about 15 jx in dia-

meter Lyngbya confervoides
14.

Trichomes about 30-35 /x in diameter;

apices not tapered, broadly rounded . . .

. Lyngbya majuscula

Trichomes about 20-24 /x in diameter

with slightly tapered, capitate apices . . .

.Lyngbya aestuarii

Entophysalis conferta (Kiitz.) Drouet and

Daily 1948: 79- Palmella conferta Kiitzing

1845: 149 (Cuxhaven, Germany)

Fig. 3r

LOCAL DISTRIBUTION: Growing as small

gelatinous masses on Lyngbya confervoides from

rocks at end of Cau Da wharf (11300a).

Hormothamnion solutum Bornet and Fla-

hault 1888: 260 (Tongatabu, Polynesia)

Fig.

LOCAL DISTRIBUTION: Entangled on other

algae and marine phanerogams, Sta. 4 (11199).

Hormothamnion enteromorphoides Bor-

net and Flahault 1888: 260 (Tongatabu,

Polynesia)
3^

LOCAL DISTRIBUTION: Growing in mixture

with Lyngbya majuscula, Sta. 4 (R. Serene No.

1161, Aug. 22, 1949)

Calothrix pilosa Bornet and Flahault 1886:

363 (Key West, Florida)

Fig. 3^

LOCAL DISTRIBUTION: Forming velvet areas

on upper intertidal rocks, Sta. 1 (11065).

Calothrix aeruginea Bornet and Flahault

1886: 358 (Cherbourg, France)

Fig. 3J-

LOCAL DISTRIBUTION: Growing epiphytical-

ly in tiny tufts on small red algae, Sta. 2

(11085).
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Calothrix contarenii Bornet and Flahault

1886: 355 (Adriatic Sea); Tseng 1936r: 170

Fig. 3;

LOCAL DISTRIBUTION: Forming dark green-

ish patches 3-4 cm. in diameter on mangrove

roots, Sta. 12 (11394).

Brachytrichia quoyi Bornet and Flahault

1886: 373 (Marianas Islands); Tseng

1936c: 170, fig. 1

Fig. 3^, /

LOCAL DISTRIBUTION: Growing as blackish-

green convoluted colonies 1-3 cm. in di-

ameter at high levels, Sta. 3 (11205, 11430).

Brachytrichia maculans Gomont 1901: 210,

pL 5, figs. 5-7 (Koh Chang, Gulf of Siam)

;

Tseng 1936c: 172, fig. 2

Fig. 3/, j

LOCAL DISTRIBUTION: Forming a dark-

green film (drying black) about 250 ju thick

at highest vegetation level, Sta. 8 (11254).

Hydrocoleum lyngbyaceum Gomont 1893:

75, pi. 12, figs. 8-10 (presumably Cher-

bourg, France)

Fig. 37

LOCAL DISTRIBUTION: Epiphytic on a small

Hypnea, Sta. 8 (11255a).

The diffluent sheaths are invisible in the

preserved material from which the figure was

drawn. The material is apparently young and

the trichomes mostly solitary.

Oscillatoria nigro-viridis Gomont 1893:

237
,
pi. 6, fig. 20 (near Ayr, Scotland)

Fig. 3g

LOCAL DISTRIBUTION: Growing on limpets

exposed at mid-tide, Sta. 1 (11066).

Oscillatoria margaritifera Gomont 1893:

236
,
pi. 6, fig. 19 (Calvados, France)

Fig. 3/
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LOCAL DISTRIBUTION: Growing on mud
under mangroves, Sta. 12 (11401).

Phormidium corium Gomont 1893: 172,

pi. 5 (Scandinavia)

Fig. 3^

LOCAL DISTRIBUTION: Forming greenish

patches on mangrove roots, Sta. 12 (11395).

Symploca hydnoides Gomont 1893: 127,

pi. 2, figs. 1-4 (Appin, Scotland)

Fig. 3o, p

LOCAL DISTRIBUTION: Forming small, dense,

mat-like patches on rocks at inshore end of

Cau Da wharf (11080); on mud, Sta. 12

(11400); forming fasciculate tufts to 2 cm.

high, Sta. 11 (11407); to 4 cm. high in 1 m.

depth, Sta. 13 (11435).

Lyngbya confervoides Gomont 1893: 156,

pi. 3, figs. 5, 6 (Cadiz, Spain)

Fig. 3b, c

LOCAL DISTRIBUTION: Forming a cover of

slippery, silky filaments on intertidal rocks

at the end of Cau Da wharf (11300); on inter-

tidal rocks, Sta. 11 (11406).

Lyngbya majuscula Gomont 1893: 151, pi.

3, figs. 3, 4 (Plymouth, England)

Fig. 3d

LOCAL DISTRIBUTION: Growing as fine, en-

tangled skeins to 10 cm. long or more on

Diplanthera, Sta. 4 (11097).

The filaments may have thinner sheaths

than that shown in the figures.

Lyngbya aestuarii Gomont 1893: 147, pi.

3, figs. 1, 2 (Jever, Oldenburg, Germany)

Fig. 3a

LOCAL DISTRIBUTION: Forming fine, en-

tangled skeins 3-10 cm. long, Sta. 4 (11171,

11213).
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Fig. Lyngbya aestuarii: Terminal portion of a filament showing the slightly tapered and capitate apex of the

trichome, X 183. b, c, Lyngbya confervoides: b. Portion of a discontinuous filament 14 n in diameter (11300), X 400;

c, portion of a filament 18 in diameter including the thick sheath (11406), X 208. d, Lyngbya majuscula: Terminal

portion of a filament 65 n in diameter including the thick, stratified sheath, showing the blunt, rounded apex,

X 150. e, Calothrix pilosa: Terminal portion of a filament, X 160. /, Osdllatoria margaritifera: Terminal portion of

a filament, X 200, g, Oscillatoria nigro-viridis: Terminal portion of a filament 6,5 m in diameter, X 630. h, Phor-

midium corium: Portion of a filament 4.5 m in diameter with thin sheath and indistinct cell walls, X 650. /, j,

Brachytrkhia maculans: /, Vertical section through the colonial thallus, X 34; /, portion of an individual filament

within its thick sheath, X 420. k, /, Brachytrkhia quoyi: k. Habit of a small colony, XI;/, portion of an individual

filament, X 275, m, Hormothamnion soluturn: Small portion of a filament bearing a heterocyst, X 333. n, Hormotham-

nion enteromorphoides: Small portion of a filament bearing a heterocyst, X 333. o, p, Symploca hydnoides: o, Habit of

a tufted plant, X 1; p, portion of a filament 5 ju in diameter with cells 10-12 n long, X 500. q, Hydrocoleum lyng-

byaceum: A young filament attached to the surface of Hypnea, X 257. r, Bntophysalis conferta: A small portion of a

gelatinous colony, X 500, j, Calothrix aeruginea: An individual filament, X 215. t, Calothrix contarenii: An individual

filament separated from a colony, showing the basal heterocyst, X 275.
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GREEN ALGAE

Key to the Genera of Chlorophyta

1.

Thallus calcified 2

Thallus uncalcified 5

2. Plant body or axis cylindrical 3

Plant body or segments flattened 4

3. Thallus simple, cylindrical. . .Neomeris

Thallus with cylindrical axis bearing one

or more verticils Acetabularia

4. Thallus flabellate, not segmented

Udotea

Thallus consisting of flat segments ....

Halimeda

5. Thallus simple, essentially one-celled. .6

Thallus multicellular, or of branched,

coenocytic filaments 8

6. Thallus attached by a penetrating peg. .

Halicystis

Thallus attached by rhizoids 7

7. Thallus more or less spherical, the small

rhizoids cut off by a septum from the

main cell Valonia ventricosa

Thallus elongate, clavate, the rhizoids

branched, nonseptate Boergesenia

8. Thallus filamentous and branched, or

composed of branched, septate or coe-

nocytic filaments 14

Thallus cellular, not filamentous or com-

posed of obvious filaments 9

Thallus filamentous, unbranched, uni-

seriate Chaetomorpha

9.

Thallus composed of large cells 1 mm.
in diameter or more 10

Thallus composed of small cells .... 1

1

10.

Thallus hemispherical, solid or hollow,

the cells compact Dictyosphaeria

Thallus irregular, of non-compacted,

coarse, clavate cells

Valonia aegagropila

11. Thallus subspherical or clavate

Bornetella

Thallus not subspherical or clavate, com-

posed of expanded, or hollow, cellular

membranes 12

12. Thallus parts hollow, tubular

Enteromorpha

Thallus parts expanded, membranous 1

3

13. Cells in two layers, irregularly disposed

Ulva

Cells in one layer, radially disposed in

flabellate blades Anadyomene

14. Filaments cellular, or at least frequently

septate 23

Filaments non-septate or infrequently sep-

tate 15

15. Filaments dichotomously branched. . 16

Filaments not dichotomously branched

19

16. Filaments growing together to form a

large, spongy, flabellate plant body

Avrainvillea

Filaments free, not forming a flabellate

plant body 17

17. Filaments prominently constricted just

above the dichotomies . . Chlorodesmis

Filaments not constricted at the dicho-

tomies 18

18. Filaments attenuated from 40-50 jj, below

to 10-12 iJL in ultimate segments

Derbesia

Filaments increasing in diameter from

60-80 IJL near the base to 125 m above. . .

Pseudochlorodesmis
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19. Plants consisting of coenocytic filaments

penetrating coral and shell. Ostreobium

Plants free, not as above 20

20. Thallus spongy, composed of interlaced

filaments forming a surface layer of

swollen utricles . Codium

Thallus not spongy, not as above ... 2

1

21. Coenocytic thallus consisting of + —
coarse, basal, cylindrical, rhizoid-bearing

parts and erect, specialized assimilatory

branches . Caulerpa

Coenocytic thallus consisting of several

erect axes bearing pinnate or multifarious

branches 22

22. Erect axes bearing pinnate branchlets

without basal septa Bryopsis

Erect axes bearing multifarious branch-

lets, mostly with basal septa

Pseudobryopsis

23. Filaments prostrate, spreading; plants

epiphytic or endophytic .... Entocladia

Not as above 24

24. Filaments bearing septa at base of branch-

es 2 5

Filaments mostly without septa at base

of branches Cladophoropsis

25. Thalli erect, free 26

Thalli congested and anastomosed into

a loose, spongy mass Boodlea

26. Thalli rarely branched, 15-19 m in di-

ameter Rhizoclonium

Thalli H abundantly branched, mostly

over 20 ^ in diameter 27

27. Branches all free Cladophora

Branches partially united laterally to form

a reticulum of flabellate form . . . Struvea

383

Fig. 4. Ulva lactuca: Habit, X 1.

Ulva lactuca Linnaeus 1753: 1163 (England);

Tseng 1935: 101; Smith 1944: 45, pi. 3,

figs. 6 , 7
pjg 4

LOCAL DISTRIBUTION: Abundant on inter-

tidal rocks adjoining the village of Truong

T% (11294).

Key to the Species of Enteromorpha

1.

Thalli simple, essentially unbranched . . 2

Thalli branched 3

2. Thalli inflated, H constricted and con-

torted E. intestinalis

Thalli smooth, slender E. tubulosa

3. Branched near the base, the branches

simple, but not uniseriate and capillary

E. kylinii

Branched throughout, with many uni-

seriate, capillary ultimate branchlets ....

E. clathrata

Enteromorpha intestinalis (L.) Link 1820:

5. Ulva intestinalis Linnaeus 1755: 418

(Sweden).

LOCAL DISTRIBUTION: Abundant on rocks,

Sta. 6 (11226); Sta. 10 (11334).
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Fig. 5. Enteromorpha kylinii: Habit of part of a tuft,

X 1.25.

Enteromorpha kylinii Eliding 1948: 1, figs.

1-3 (west coast of Sweden)

Fig. 5

LOCAL DISTRIBUTION: Densely tufted, Sta.

2 (11068); on shells and algae, Sta. 4 (11178).

These specimens are in good agreement

with Bliding’s account. The cells are arranged

in longitudinal rows with two or more pyren-

oids per cell.

Enteromorpha clathrata (Roth) J. Agardh

1883: 153; Eliding 1944: 331, figs. 5-7.

Conferva clathrata Roth 1806: 175 (Baltic

Fig. 6d, e

LOCAL DISTRIBUTION: Forming a dense,

hairy covering 1-3 cm. high on rocks, Sta.

6 (11225); entangled among other algae in

drift, Sta. 3 (11096).

The slender, abundantly branched plants

of 11096 are in good agreement with Blid-

ing’s Type II of this variable species. Those

under 11225 are more sparsely branched, but

otherwise similar. All have two or more pyren-

oids per cell and the cells arranged in -f
—

definite longitudinal rows, usually more so

than shown in Fig. Ge.

Enteromorpha tubulosa (Kutz.) Kutzing

1856, Tab. Phyc. 6, pL 32, fig. 2, Entero-

morpha intestinalis var. tubulosa Kutzing

1849: 478 (Europe)

Fig. 6a, b

LOCAL DISTRIBUTION: Entangled in Hypnea

growing on sand flats near Sta. 12 (11403).

For practical purposes of recognition I fol-

low Setchell and Gardner (1920) in assigning

this unbranched, entangled plant to E. tubu-

losa, although other authors, particularly

Eliding (1939) through his interfertility stud-

ies, have recognized it as a form of E.proUfera

(Miiller) J. Ag.

Key to the Species of Chaetomorpha

1. Filaments attached, tufted .2

Filaments mostly unattached, entangled,

contorted . . . C. crassa

2. Basal cells very long, with annular con-

strictions near the base; upper cells much
longer than broad ........ C. antennina

Basal cells not exceptionally long, not

constricted; upper cells about as long as

broad 3

3. Cells of + “ variable length above; di-

ameter 60-90 /i C. indica

Cells -f — uniform above; ‘diameter 50-

110 C. javanica

Chaetomorpha javanica Kutzing 1849: 376

(Java); Kutzing, Tab. Phyc. 3, pL 51 IV
Fig. 6h-j

LOCAL DISTRIBUTION: Growing in hank-

like tufts on the sea wall, Sta. 6 (11231).

These plants agree as to basal cell, filament

diameter, and cell dimensions with this spe-

cies as illustrated by Kutzing, although the

cell walls of his specimens were apparently

thinner than those of mine.
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Fig. 6. b, Enteromorpha tubulosa: a. Portion of an unbranched, hair-like filament, X l\b,z. small portion of a

filament showing the cells arranged in rows and the single pyrenoid in each cell, X 82. c, Enteromorpha intestinalis:

Three axes separated from a young tuft, X 6. d, e, Enteromorpha clathrata: d, A young, branched axis, X 15; an

older axis with several uniseriate branchlets, X 80./, g, Chaetomorpha indka: f. Basal portions of filaments, X 80;

g, upper portion, X 75. h-j, Chaetomorpha javanica: h. Basal portion of filament, X 60; /, middle portion showing
cells dividing, X 60;/ older, upper portion, X 60. k, Chaetomorpha crassa: Small part of a coiled filament, X 8.5.

/, Chaetomorpha antennina: Habit of a portion of a tuft, X 1.5.
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Chaetomorpha indica Kiitzing 1849: 376

(Tranquebar, southeast India); Kiitzing,

Tab. Phyc. 3, ph 52 III; Bprgesen 1935:

12, fig. 2 .r
® Fig- 6/, g

LOCAL DISTRIBUTION: On tocks, Sta. 10

(11327); on rocks, Sta. 11 (11415).

These specimens have filaments from 60-90

/i in diameter and cells of somewhat varying

length, but mostly about as long as broad.

They appear to be in good agreement with

Kiitzing’s figure and with the C. indica inter-

preted by Bprgesen from Bombay, although

my plants do not show the slight septal con-

strictions. As B0rgesen says, 'The shape of

the plant may remind one of C aerea, but it

is much thinner.”

Chaetomorpha crassa (Ag.) Kiitzing 1845:

204; Okamura 1931: 97. Chaetomorpha toru-

losa Kiitzing, Tab. Phyc. 3, pL 6l II. Con-

ferva crassa C. Agardh 1824: 99 (Adriatic

S"")
Fig. a

LOCAL DISTRIBUTION: A few filaments

found entangled in other algae, Sta. 4 (11195)

;

in shallow water, Sta. 2 (11305).

These specimens are 325-475 m in diameter

and well within the range given by Hauck

(1885: 439). The walls are thicker than in-

dicated by Kiitzing.

Chaetomorpha antennina (Bory) Kiitzing

1849: 379; Dawson 1944: 207. Conferva an-

tennina Bory 1804: I6l (Reunion Island)

Fig. 6/

LOCAL DISTRIBUTION: Forming scattered,

dense tufts at middle levels, Sta. 8 (11264).

Rhizoclonium kerneri Stockmayer 1890:

582 (type not designated)

Fig. la-c

LOCAL DISTRIBUTION: Forming a soft fleece

of entangled and erect filaments, to 2-3 mm.
thick, on mangrove roots, Sta. 12 (11393).

These specimens appear to represent the

same species as reported by Collins and Her-
vey (1917: 43) under this name growing as a

"coating on mangroves” in Bermuda. The
filaments of my plants, 15-19 m in diameter,

are slightly larger than theirs but about the

same as is usually reported for this species

elsewhere. Bprgesen (1913: 20, fig. 8) has

found it epiphytic on Centroceras. The cells

are mostly about 5 diameters long. A branch

was found in only one instance. Rhizoids

occur rarely from the prostrate cells of fila-

ments next to the substrate. Zoosporangia

were observed in which the cells were slightly

enlarged at their upper ends and provided

there with a discharge pore.

Key to the Species of Cladophora

1. Axes less than 30 ^ in diameter. . C. albida

Axes over 30 \i in diameter 2

2. Branching rather remote; cells very long

C. patentiramea f. longiarticulata

Branching abundant; cells not exception-

ally long 3

3. Branchlets fasciculate, curved

C. inserta var. ungulata

Branchlets not fasciculate, not markedly

curved C. perpusilla

Cladophora albida (Huds.) Kiitzing 1843:

267; Kiitzing, Tab. Phyc. 4, pi. 15, fig. b.

Conferva albida Hudson 1778: 595 (Great

Britain)
Fig. If, g

LOCAL DISTRIBUTION: Forming soft tufts

on rock surfaces, Sta. 6 (11224); on coral

heads dredged from 2-3 m., Sta. 2 (11362).

This is the most slender species of the re-

gion. The intertidal plants are shorter (to 2

cm. high) than they may often be in calmer

habitats, but the slender axes, less than 30 /x

in diameter, and the ultimate branches 12-15

\x in diameter with cells 4-5 times as long as
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Fig. 7. a-c, Rhizoclonium kerneri: a, Upper portion of a filament, X 235; h, portion of a prostrate filament bearing

a rhizoid and an erect branch, X 200; c, zoosporangial cells, X 135. <7, Cladophora inserta var. ungulata: A small por-

tion of a plant to show the reduced size of the curved, fasciculate branchlets compared to a main axis, X 54. e,

Cladophora patentiramea f. longiarticulata: Habit of a portion of a plant, X 13.5. /, g, Cladophora albida: f, A small

portion of a branched axis, X 50; g, part of a fertile filament, X 100. h, Cladophora perpusilla: Upper portion of a

branched filament, X 22. i, Entocladia viridis: Habit of a plant apart from its host, X 160.

broad, are distinctive features. Recurved

branchlets occur rather frequently as is often

the case in this species.

Cladophora perpusilla Skottsberg and Lev-

ring, in Levring 1941: 611, fig. 2c-f (Juan

Fernandez Islands)

Fig. Ih

LOCAL DISTRIBUTION: Forming small, dense

tufts 7-15 mm. high on saxicolous red algae

(11219) and on the seawall (11230), Sta. 6;

Sta. 10 (11325).

The lower parts are 60-70 g in diameter,

gradually reduced above to 50-30 g. Cell form

and branching habit are in full accord with

the Juan Fernandez plant.
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Cladophora inserta var. ungulata (Brand)

Setchell 1926: 75, pL 22, fig. 1; B^rgesen

1948: 8, fig. 2. Cladophora mauritiana var.

ungulata Brand 1904: 180, pi. 5, figs. 10, 11

(Hawaii)

LOCAL distribution: Epiphytic as tufts to

2.4 cm. high on saxicolous red algae, Sta. 6

(11232); small and poorly developed on in-

tertidal rocks, Sta. 2 (11083).

Cladophora patentiramea forma longiar-

ticulata Reinbold, in Weber van Bosse

1913: 84 (Indonesia; type of the species

from Tahiti); B0rgesen 1940: 36, fig. 12a-e

Fig. le

LOCAL DISTRIBUTION: Forming a low, loose

mat on intertidal rocks, Sta, 11 (11413).

Eotocladia viridis Reinke 1879: 476, pL 6,

figs. 6-9 (Naples, Italy); Kylin 1949: 38,

39 Kg. 7/

LOCAL DISTRIBUTION: Abundant in the cell
'

wall of Cladophoropsis herpestka from Sta, 4

(11197a).

Halicystis pyriformis Levring 1941: 612,

fig. 3L-P (Juan Fernandez Islands)

Fig. ^a-c

LOCAL DISTRIBUTION: Attached to crustose

corallines on old coral dredged from 2-3 m.,

Sta. 2 (11382).

The several plants at hand, the largest about

2.2 mm. high, are in excellent agreement with

Levring’s species. The chromatophores are

like those of the type but average smaller,

mostly 4-5 m in diameter. My plants are ap-

parently young, corresponding with his fig-

ures 3M-N.

Valonia ventricosa J. Agardh 1887: 96 (St.

Croix, Virgin Islands); Okamura 1936: 32,

fig. 13; Egerod 1952, pL 29, fig. a

Fig. Se

LOCAL DISTRIBUTION: Occasional, attached

to lower parts of coral masses dredged in 2-3

m., Sta. 2 (11370). These are of rather small

size, mostly 1 cm. in diameter or less, and

tend to occur in somewhat clustered groups.

Valonia aegagropila C. Agardh 1822: 429

(Venice, Italy); Egerod 1952: 348, pL 29,

“S' “ F» 8/

LOCAL DISTRIBUTION: Forming small mats

on rocks, Sta. 4 (11155); forming extensive,

succulent mats dominating rock surfaces at

about + 0.5-1.0 foot tide level, Sta. 11

(11355).

Boergesenia forbesii (Harv.) Feldmann

1938: 588, figs. 3-5; Yamada 1950: 174.

Valonia forbesii 1859^: 333 (Ceylon)

Fig. ^d

LOCAL DISTRIBUTION: Occasional on inter-

tidal rocks subject to gentle surf, Sta. 11

(11411). These plants are identical with those

illustrated by Tseng (1936b) from nearby

Hainan Island.

Dictyosphaeria versluysii Weber van Bosse

1905: 144 (Indonesia)

Fig. 8^, /

LOCAL DISTRIBUTION: On coral rocks, Sta.

1 (11126).

These plants are rather small compared to

D. versluysii from some other areas, and their

segments are smaller, but it appears unwise in

this account to attempt to assign them to

D. vanbosseae, D. setchellii, or D. australis, all

of which seem unsatisfactorily distinguished

from D. versluysii.

Dictyosphaeria cavernosa (Forsk.) B0r-

gesen 1932^: 2, pi. 1, fig. 1. Viva cavernosa

ForskaL 1775: 187 (Red Sea). Okamura

1908, leones 1, pL 40, figs. 13-24 (as

Dictyosphaeria favulosa (Mert.) Dec’ne)

Fig. 8/



Marine Plants of Nha Trang— Dawson 389

Fig. 8. a-c, Halicystis pyriformis: Habit of three specimens to show varied shape and the characteristic, penetrat-

ing, rhizoidal base, X 10. d, Boergesenia forhesti: Habit, X 3. e, Valonta ventrkosa: Habit, showing the small rhiz-

oidal organs attached to a sand grain, and two very young plants attached to the base, X 4. /, Cladophoropsis

membranacea: A small part of a plant, X 12. g, Struvea anastomosans: Habit of a young plant, X 5. h, Cladophoropsis

herpestica: A young plant extracted from a clump, X 6.25. /, Dictyosphaeria cavernosa: Habit of a specimen with a

portion dissected away to show the hollow structure, X 2. j, Valonia aegagropila: A small part of a matted plant,

X 3. k, /, Dictyosphaeria versluysii: k, Habit, X 2; /, detail of the polygonal segments, X 8.
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LOCAL DISTRIBUTION: On rocks, Sta. 4

(11160).

Like the material reported by Tseng (1936^)

from Hainan, and that illustrated by Okamura

(1908), these specimens are rather small,

mostly under 2 cm. in diameter. Summer ex-

amples have not been seen. The hollow char-

acter distinguishes the species from Dictyo-

sphaeria versluysii, which is similar in gross

appearance, but solid.

Cladophoropsis membranacea (Ag.) B^r-

gesen 1905: 275; Bprgesen 1913, p. 42,

figs. 26-33. Conferva membranacea C. Agardh

1824: 120 (Virgin Islands)

Fig. 8/

LOCAL DISTRIBUTION: Sparse, as small loose

tufts on coral dredged from 2-3 m., Sta. 2

(11367). The filaments of these average about

225 M in diameter.

Cladophoropsis herpestica (Mont.) Howe
1914: 31; Setchell 1926: 77, pi. 8, fig. 1.

Conferva herpesticals/lo\i\i2ignQ 1842: 15 (New

Zealand)

LOCAL DISTRIBUTION: Forming a loose

clump, 2-3 cm. in extent, of coarse, + —
decumbent filaments, on rocks, Sta. 4 (11197).

These specimens are young and mostly un-

branched, but in habit, in diameter (400-500

}i), and in their thick (35-50 ju), stratified walls

they are in agreement with Howe’s comments

on Montagne’s type, as well as with other

New Zealand specimens.

Struvea anastomosans (Harv.) Piccone and

Grunow, ex Piccone 1884^: 20; Egerod

1952: 359, pk 31, fig. 4a-h. Cladophora 7

anastomosans Harvey 1859^, ph 101 (Fre-

mantle, West Australia)

Fig. 8g

LOCAL DISTRIBUTION: Occasional on coral

heads dredged from 2-3 m., Sta. 2 (11371).

Boodlea composita (Harv.) Brand 1904:

187; Bprgesen 1940: 21, fig. 6. Cladophora

composita Harvey 1834: 157 (Mauritius)

Fig. 9c, d

LOCAL DISTRIBUTION: Forming irregular,

bright green, spongy mats on coral rocks at

and below low tide level, Sta. 1 (11119).

Some plants show StruveaAik.^ characters in

the regular branching of their outermost parts,

as in 11313 from Sta. 9.

Anadyomene wrightii Gray 1866: 48, pi.

44, fig. 5 (Ryukyu Archipelago); Okamura
1908, leones I, pi. 40, figs. 1-6

Fig. 9c

LOCAL distribution: Occasional, Sta. 3

(11206); common on exposed rocks beyond

the Sargassum area, Sta. 10 (11335). These

specimens are identical with material collected

by the writer on Okinawa in the Ryukyu
Islands.

Derbesta attenuata sp. nov.

Fig. 9a, b

Thallis epiphyticis plerumque solitariis,

2. 5-4. 5 mm. aids, e parte basali lobata, pro-

strata, ramata, 1-2 axes dichotomus, erectos,

arborescentes emittente; axibus erectis baud

ramatis infra, sine constrictionibus, 40-50 n-

diametro, regulariter dichotomis supra inter-

vallis 200-300 ii, attenuatis gradatim ad 10-12

diametro; chromatophoriis rotundis, circiter

3 M diametro.

Thalli minute, epiphytic, usually solitary,

2.5-4.5 mm. high, consisting of a prostrate,

branched, and lobed, adherent basal part

about 30 ij,
in diameter and extending 200-300

fjL, this giving rise to one or sometimes two

erect, arborescent, dichotomously branched

axes; erect axes unbranched in their lower

800-1,500 IX, smooth, without constrictions,

40-50 in diameter, then regularly dicho-

tomously branched with rather narrow angles

at intervals of 200-300 /x and becoming gradu-

ally attenuated to 10-12 ix in diameter in the
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ultimate segments; chromatophores rotund,

about 3 M in diameter; reproduction not seen.

TYPE; Holotype is Dawson 11248, Feb. 3,

1953, in the U. S. National Herbarium.

Type locality: Epiphytic on small filament-

ous algae growing on coral taken from shal-

low water of coral lagoon of Hon Mieu, Nha
Trang Bay.

Fig. 9. a, b, Derbesia attenuata: a, A portion of a plant of the type collection to show habit and branching (note;

the primary axis has been somewhat shortened in the figure), X 35; a median dichotomy, X 200. c, d, Boodlea

composita: c, A small portion of a mat, X 30; d, detail of a tenacula, X 68. e, Anadyomene wrightii: A portion of a

young thallus showing only the larger cells, X 10,/, Caulerpa ambigua: Upper portion of an axis to show branching,

X 65. g, Caulerpa fastigiata: A small part of a plant showing erect branches and sand-penetrating rhizoids, X 9.



392 PACIFIC SCIENCE, Vol. VIII, October, 1954

Fig. 10. a, Caulerpa serrulata: A small part of a plant, X 1.5.3, Caulerpa vertkillata: A small part of a plant, X 5.

c, Caulerpa racemosa var. macrophysa: A small part of a plant, X 1.5.

This minute species is similar in size and

epiphytic habit to Derbesia neglecta Berthold

(see B0rgesen 1925: 105, figs. 43-44; Hamel

1931: 400), but differs in its solitary habit,

regular dichotomous branching above a prom-

inent main axis, and pronounced attenuation

to the tips. Inasmuch as the present material

is sterile, there remains some doubt as to the

generic position, though the vegetative char-

acters point toward Derbesia.

Since the above was written this species has

been found growing abundantly on old Gal-

axaura at Binners Cove, Isla Socorro, in the

Revillagigedo Archipelago (Dawson 12133a,

Nov. 19, 1953).

Key to the Species of Caulerpa

1. Thalli small, less than 1 cm. high 2

Thalli over 1 cm. high 3

2. Branching rather sparse, irregular

C. fastigiata

Primary branching approximate, pinnate,

subopposite C. ambigua

3. Ultimate branchlets very slender, terete,

in subverticillate fascicles. C. verticillata

Ultimate branchlets coarse, not terete. .4

4.

Branches + — contorted, coarsely serrate

C. serrulata

Branchlets terminally inflated

C. racemosa var. macrophysa

Caulerpa fastigiata Montague 1845, pi. 2,

hg. 3 (Cuba); B0rgesen 1913: 118, fig. 93;

Vickers 1908, part 1, pi. 36

Fig. 9g

LOCAL DISTRIBUTION: Forming small mass-

es of filaments a few cm. in extent, Sta. 4

(11157).

Caulerpa ambigua Okamura 1897: 4, pi. 1,

figs. 3-12 (Ogasawarajima); Okamura,

leones 3, pk 139; Eubank 1946: 410, pi.

22, figs, a, b; Egerod 1952: 369

Fig. 9/

LOCAL DISTRIBUTION: A few small plants

less than 1 cm. high attached to a coral head

dredged in 2-3 m., Sta. 2 (11366a).

Caulerpa verticillata J. Agardh 1847: 6

(Atlantic Mexico)

Fig. 10^

LOCAL DISTRIBUTION: Occasional on inter-

tidal sand flats, Sta. 4 (11161).
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Caulerpa serrulata (Forsk.) J. Ag. emend.

Bprgesen 1932^: 5, pi. 1, fig. 2; Tseng

1936^: 178, pi. 1. Fucus serrulatus Forskal

1775: 179 (Red Sea)

Fig. 10a

LOCAL DISTRIBUTION: Occasional in sandy

places in 1-2 m., south side of wharf, Sta. 2

(11387).

These specimens represent the type variety

serrulata of the species.

Caulerpa racemosa var. macrophysa
(Kiitz.) Taylor 1928: 101, pi. 12, fig. 3, pi.

13, fig. 9. Chauvinia macrophysa Kiitzing

1857, Tab. Phyc. 7, p. 6, pi. 15 II (Central

America)

LOCAL DISTRIBUTION : Specimens of a single

collection seen: I.O.N. No. 16, lie de Tre,

Aug. 1949.

Bryopsis pennata Lamouroux 1809^: 134,

pi. 3, fig. la, b (Antilles); Egerod 1952:

37''’ fig-
^ Fig.ll^

LOCAL DISTRIBUTION: A few small plants

to 13 mm. high on a coral rock dredged from
5-7 m. near Sta. 8 (11275); to 1 cm. high

among other small algae, Sta. 9 (11323).

Pseudobryopsis mucronata Bprgesen,

Fig. 11^

LOCAL DISTRIBUTION: Among other minute

algae on bits of debris, dredged from 2-3 m.,

Sta. 2 (11296).

The several plants examined are sterile.

They reach somewhat over 1 cm. in height

with much-branched axes to about 120 ^ in

diameter. The slender, multifarious branches

and discoid chromatophores about 6 ju in

diameter bearing distinct pyrenoids are much
like those of P. mucronata Bprgesen (1930:

163, fig. 7) from Bombay, although that spe-

cies becomes as much as 5 cm. high. It is

presumed that the present sterile specimens

are immature examples.

Pseudobryopsis parva sp. nov.

Fig. lid, e

Thallis 5-7 mm. aids, e pluribus axibus

simplicibus, pinnis radialiter ordinatis in dim-

idiis superioribus infixis; adnexione ope rhiz-

oidum; axibus circiter 100 /z diametro ad

basim, ad 20-15 m ad apicem deminutis, infra

nudis; pinnis paulo sparsis, baud regulariter

radialiter positis, circiter 1.0-1. 5 mm. longis,

simplicibus, plerumque circiter 20 ju diametro,

leviter incurvis; gametangiis sessilibus, elon-

gatis, circiter 190 ix longis, apicaliter sub-

acutis cum poro terminali, plerumque singu-

latim adaxialiterque prope basim pinnarum

singularum fixis.

Thalli 5-7 mm. tall, consisting of several

simple axes beset in their upper halves with

radially arranged pinnae; attachment by rhiz-

oids; axes about 100 /x in diameter at the base,

tapering to 20-15 m at the tip, barren below;

pinnae rather sparse, irregularly radially placed,

about 1.0-1. 5 mm. long, simple, mostly about

20 iJL in diameter, slightly incurved; chloro-

plasts obscure; gametangia sessile, elongate,

about 190 IJL long, about 35 /x in diameter at

the base, 50 n at the top, apically subacute

with a terminal pore, usually borne singly and

adaxially near the base of a pinna.

TYPE: Holotype is Dawson 11375, Feb. 24,

1953, in the U. S. National Herbarium.

Type locality: On the surface of a dead coral

fragment dredged from 2-3 meters depth off

Cau Da, Nha Trang Bay.

Six species of Pseudobryopsis have heretofore

been recognized: P. myura
(J.

Ag.) Berth.,

P. mucronata B0rg., P. hainanensis Tseng, P.

papillata Nasr, P. mauritiana B0rg., and P.

oahuensis Egerod. All of these are discussed

by Egerod (1952: 373-374). The present spe-

cies is much smaller than any of the others

and is distinguished by its delicate, simple

axes, the relatively sparse pinnate branches.
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and the elongate, sessile gametangia borne

singly near the base of the pinnae.

Chlorodesmis hildebrandtii A. Gepp and

Ethel Gepp 1911: 16, 137, figs. 74, 75

(Indonesia); Egerod 1952: 377, pi. 34a,

text fig. 9a, b, d

Kg- 11/, g

Fig. 11 . Pseudobryopsis mucronata, prox.: Upper portion of a plant to show septation and branching, X 90.

b, Bryopsispennata: Terminal portion of a rather young axis (11275), X 27. c, Pseudochlorodesmisfurcellata: A portion

of a plant, X 12. d, e, Pseudobryopsis parva: d, Habit of a fertile axis of the type specimen, X 20; e, detail of the

basal part of a pinna bearing a gametangium, X 118. /, g, Chlorodesmis hildebrandtii: /, A small, terminal portion

of a plant, X 12.5; g, outline of a dichotomy to show characteristic equal constrictions, X 72.
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LOCAL distribution: On coral rocks, Sta.

3 (11214); on coral dredged in 2-3 m., Sta.

2 (11390).

Pseudochlorodesmis furcellata (Zanard.)

B0rgesen 1925: 78, figs. 30-34; Hamel
1931: 401, fig. 21b; Feldmann 1937: 237,

figs. 33, 34. Bryopsis furcellata Zanardini

1843: 60 (Adriatic Sea)

Fig. 11c

LOCAL DISTRIBUTION: A small amount en-

tangled with Chlorodesmis from coral partially

embedded in mud at 2-3 m. off Cau Da
(11385).

The few filaments detected are sterile and

somewhat incomplete as to basal parts, but

agree in all essential characters with this spe-

cies as described and illustrated by the several

authors indicated above. Like the Mediter-

ranean type variety, these plants increase in

Fig. 12. Halimeda opuntia: A small portior

clump, X 2.7.

diameter from about 60-80 )U near the base

to 125 ju above. The tiny chloroplasts are oval

and a little larger (about 4 g) and less elongate

than those illustrated by Feldmann.

Avrainvillea erecta (Berk.) A. Gepp and

Ethel Gepp 1911 : 29, figs. 84-89. Dichonema

erecta Berkeley 1842: 157, pi. 7, fig. 11

(Philippines)

Fig. 13^

LOCAL DISTRIBUTION: Scattered and solitary

on sandy flats, Sta. 4 (11162); in silty pools,

Sta. 11 (11404).

The simple, erect habit and the yellow-

orange color of the filaments are distinctive.

The specimens under 11404 are of softer tex-

ture, the filaments being less compacted and

free on the margins.

Udotea javensis (Mont.) A. Gepp and Ethel

Gepp 1904: 363. Rhipidosiphonjavensis yion-

tagne 1842: 15 (Java)

Eig. 13^, c

LOCAL DISTRIBUTION: Frequent on coral

dredged in 2-3 m., Sta. 2 (11365); observed

in abundance on intertidal rocks and coral

fragments, Sta. 11.

Codium geppii O. C. Schmidt 1923: 50, fig.

33 (Malaya); Bprgesen 1946: 49, figs.

195-199
Pig ,3^

LOCAL DISTRIBUTION: Rare, Sta. 3 (11207);

infrequent on living and dead coral in 2-3

m., Sta. 3 (11386, 11442); CCi Lao, col. R.

Serene, May 4, 1950.

This is apparently the only Codium species

in the area and is nowhere abundant during

the January-March season.

Halimeda opuntia (L.) Lamouroux 1816:

308. Corallina opuntia Linnaeus 1758: 805,

in part (Mediterranean Sea)

Fig. 12
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LOCAL DISTRIBUTION: Forming congested because of its bright yellow-green tips and

clumps on dead coral partially embedded in shining, white, calcified lower parts,

sand, Sta. 3 (11186).

Halimeda gracilis Harvey, ex J. Agardh

1887: 82 (Ceylon)

Fig. 13/

LOCAL DISTRIBUTION: A single fragment of

a plant attached to a bit of Colpomenia was

found in drift at Sta. 10 (11333).

The segments have the shape and texture

of those of H. gracilis f. lata illustrated by

Taylor (1950, pi. 42) from Bikini and are

quite identical in size with those of his small-

est example (5-8 mm. wide). Structurally my
specimen agrees with Taylor’s description al-

though the cortical utricles are not particularly

angular in surface view and are even smaller

than he indicates (15-25 /x diam.).

Ostreobium reineckei Bornet, in Reinbold

1896: 269, fig. 55 (Samoa); Setchell 1924:

256, fig. 55s Fig. 13g

LOCAL DISTRIBUTION : Growing within frag-

ments of dead coral, Sta. 1 (11304).

This minute, filamentous, coral-boring alga

often lends a greenish color to the coral frag-

ments it inhabits but cannot otherwise be

observed without decalcifying the coral. The
irregularly shaped filaments range from 3 to

10 fx in diameter. Several species have been

described from different corals, and it is to

be expected that some others may be en-

countered at Nha Trang after careful search.

Neomeris annulata Dickie 1874: 198 (Mau-

ritius); Egerod 1952: 400, pi. 40, text fig.

21a-l, 22a, c _
Fig. 13^

LOCAL DISTRIBUTION: Common in groups

of a few to several score on dead coral frag-

ments, Sta. 1 (11116); Sta. 3 (11210).

This is a conspicuous, though tiny, plant

Bornetella oligospora Solms-Laubach

1893: 81, pi. 9, figs. 1-4, 6, 7 (Malaya);

Gilbert 1943: 26, fig. Ig, h

Fig. 13^

LOCAL DISTRIBUTION: Occasional on coral

masses dredged from 2-3 m., Sta. 2 (11363).

Although the aplanosporangia are imma-

ture in these, they are spherical and numerous

on the primary branches, as in this species

versus B. nitida.

Bornetella sphaerica (Zanard.) Solms-Lau-

bach 1893: 92, pi. 9, fig. 8; Egerod 1952:

407, pi. 42, fig. 22d-g. Neomeris sphaerica

Zanardini 1878: 38 (Malaya)

Fig. 13/

LOCAL DISTRIBUTION: A single specimen

found on coral dredged from 2-3 m., Sta. 2

(11384). Being sterile, this plant is referred to

B. sphaerica rather than to B. capitata (Harv.)

J. Ag. with some question.

Acetabularia caliculus Lamouroux 1824:

621, pi. 90, figs. 6, 7 (Australia); Tseng

1936/^: 155, fig. 16.

Fig. X'bh

LOCAL DISTRIBUTION: Several plants at-

tached to a shell, Sta. 4 (11172). These are

all immature, although that illustrated has

produced its gametangial disc and may be

considered to be of full stature. It is about

2 cm. high and agrees with the A. caliculus

of Tseng (1936^) from nearby Hainan. The

species may be recognized by its whorls of

assimilating hairs below the basin-shaped

gametangial disc of about 30 rays. The rays

of my plant are not emarginate as is usual in

this species, although such a young plant

may not necessarily be expected to show this

character.
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Acetabularia moebii Solms-Laubach 1895: Fig. 13/

30, pi. 4, fig. 1 (Mauritius); Egerod 1952: local distribution: Occasional on dead

411, fig. 23i coral dredged from 2-3 m., Sta. 2 (11368);

Fig. 13. Avrainvilka erecta: Habit, X 1. b, c, Udotea javensis: b. Habit, X 1; r, detail of the basal part of the

same to show structure, X 21. <3^, Bornetella oligospora: Habit, X 2. e, Neomeris annulata: Upper portion of an actively

growing specimen, X 5. /, Halimeda gracilis: An upper portion of a plant, X 2. g, Ostreobium reineckei: A small

portion of a ramified plant after decalcification, X 250. h, Acetabularia caliculus: Upper portion of an immature
plant, yilA. i, Bornetella sphaerica: Habit, X 4./, Acetabularia moebii: Habit, X 1.5. k, Codium geppii: Habit of a

young plant, X 1.
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BROWN ALGAE

Key to the Genera of Phaeophyta
1.

Thallus crustose 2

Thallus not crustose 4

2. Crust loosely attached, partially free. . . .

Pocockiella

Crust firmly adherent to rock surface

throughout 3

3. Thallus lubricous, consisting of erect fil-

aments of + — catenate cells, readily

separating under slight pressure

Mesospora

Thallus not particularly lubricous; cells

not catenate; filaments not separating

easily Ralfsia

4. Thallus delicate, consisting of branched

filaments less than 100 ^ in diameter. . 5

Thallus more massive, not consisting

of branched filaments 6

5. Filaments uniseriate, attenuated, without

large terminal cells Ectocarpus

Filaments with both transverse and ver-

tical walls; with large terminal cells. . . .

Sphacelaria

6. Thallus reticulate Hydroclathrus

Thallus not reticulate 7

7. Thallus hollow, bullate or tubular 8

Thallus solid 9

8. Thallus branched Rosenvingea

Thallus unbranched, smooth, papillate or

lobed Colpomenia

9. Thallus thin, membranous throughout.

10

Thallus with terete axes 11

10.

Thallus fan-shaped Padina

Thallus dichotomously branched

.Dictyota

11. Branches terete, similar to the axes. . . .

Chnoospora

Branches of specialized form 12

12. Ultimate branchlets consisting of leaf-

like blades and hollow vesicles

Sargassum

Ultimate branchlets coarse, obconical . .

Turbinaria

Key to the Species of Ectocarpus

1. Plurilocular sporangia short, pyriform. . .

E. breviarticulatus

Plurilocular sporangia elongate. ...... .2

2. Plurilocular sporangia with acute tips. . .

E. irregularis

Plurilocular sporangia with blunt tips . . .

E. mitchellae

Ectocarpus breviarticulatus J. Agardh 1847:

7 (Pacific southern Mexico)
;

B0rgesen

1914: 17, fig. lOa-d; Setchell 1924: 171,

fig. 37
Fig. I4a, h

LOCAL DISTRIBUTION: Dominant with

Chnoospora pacipca on rocks, Sta. 8 (11263).

An epiphytic form also occurs on the Chnoos-

pora (11271).

This species is characterized by the presence

of numerous hooked branchlets which hold

the filaments in rope-like, spongy strands. The

short, pyriform sporangia, about 40 fx long,

are also distinctive.

Ectocarpus irregularis Kiitzing 1845: 234

(Adriatic Sea); Kiitzing Tab. Phyc. 5, pi.

62, fig. 1; Bprgesen 1941: 23, figs. 8-11

(extensive synonymy)

Fig. 14^, /

LOCAL DISTRIBUTION: Growing in soft tufts

to 1.5 cm. high on non-coral rocks, Sta. 2
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Fig. 14. a, h, Ectocarpus breviarticulatus: a, Habit, X 1.5; a small portion of a filament bearing two plurilocular

sporangia, X 237. c, d, Ectocarpus mitchellae: c, A unilocular sporangium, X 373; d, a plurilocular sporangium,

X 373. e,f, Ectocarpus irregularis: e, A plurilocular sporangium from 11208, X 200; /, a plurilocular sporangium

from 11089, X 215. g, Sphacelaria novae-hollandiae: A propagulum, X 176. h, Sphacelaria furcigera: A propagulum,

X 135. i,j, Sphacelaria trihuloides: i, A propagulum, X 210;/, a propagulum in partial side view, X 100. k, Pocock-

iella variegata: Part of a fragment of coral enveloped by a plant, X 1. 1, m, Mesospora schmidtii: /, Vegetative filaments

separated from a film, X 275; m, a unilocular sporangium, X 275.
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(11089); epiphytic on Codium, Sta. 3 (11208).

B0rgesen has discussed this species at

length and shown that it is a widespread and

variable plant of warm seas, having been de-

scribed and illustrated under many different

names. The Nha Trang specimens show con-

siderable variability, some being saxicolous,

others epiphytic. The discoid chromatophores

and sessile, terminally acute, plurilocular spo-

rangia are characteristic. Figure 14^ is virtually

identical with Weber van Bosse’s figure 36

(1913) of an epiphytic plant from Indonesia

which B0rgesen has identified as Ectocarpus

irregularis.

Ectocarpus mitchellae Harvey 1852: 142,

pi. 12 G (Massachusetts); B0rgesen 1941:

7, figs. 1-5 ^

LOCAL DISTRIBUTION: Forming tufts to 2.5

cm. high on intertidal rocks: Sta. 8 (11269);

Sta. 1 (11087); Sta. 2 (11301).

The presence of unilocular as well as plu-

rilocular sporangia in 11087 is in accord with

the Mauritius plants studied by B0rgesen.

The plurilocular sporangia in 11269 are gen-

erally somewhat tapered, as in his figure la,

and as generally found in this species, while

those of 11301 are longer, more blunt, and

cylindrical, as seems to be more characteristic

of Ectocarpus indicus Sond. Yet they are like

his figure lb.

Mesospora schmidtii Weber van Bosse

I9IO: 27 (Indonesia); Weber van Bosse

1913: 143, fig. 43, pL 2, figs. 2, 3

Fig. 14/, m

LOCAL DISTRIBUTION: Abundant, forming

a dark-brown film, very slippery when wet,

over large areas of high, exposed rocks, Sta.

1 (11074).

The films are about 200 fi thick, composed

of densely compacted, erect filaments as in

Figure 14/. In January these were producing

unilocular sporangia abundantly, but pluri-

locular sporangia were not seen.

PACIFIC SCIENCE, Vol. VIII, October, 1954

Ralfsia sp.

A few limpet shells are present in the col-

lections from Sta. 9 which bear crusts of a

species of Ralfsia. These show ascending rows
of compact, -f — angular cells terminating

in paraphyses which bear immature plurilocu-

lar sporangia. The material is not suitable for

identification.but indicates the presence of the

genus.

Sphacelaria novae-hollandiae G. Sonder

1845: 50 (West Australia); B0rgesen 1941:

45, fig. 20a-d; Taylor 1950: 97

Fig. 14g

LOCAL DISTRIBUTION: On coral fragments,

Sta. 7 (11244).

The propagulae are about 100 fj,
long and

have the corner cells divided by a wall into

two superimposed halves. The plants are ap-

parently identical with those of Taylor from

Bikini and of B0rgesen from Mauritius.

Sphacelaria furcigera Kiitzing 1855, Tab.

Phyc. 5, pi. 90, fig. 2 (Karak Island, Persian

Gulf); Bprgesen 1941: 46, fig. 21

Fig. I4h

LOCAL DISTRIBUTION: Forming low, dense

tufts less than 1 cm. high on rocks, Sta. 11

(11414).
'

Sphacelaria tribuloides Meneghini 1840: 2,

No. 6 (Dalmatia); Vickers 1908, part 2,

pi. 26; Bprgesen 1941: 41, fig. 18a-c

Fig. 14/, j

LOCAL DISTRIBUTION: Forming dense tufts

about 1 cm. high on non-coral rocks, Sta. 2

(11088).

Pocockiella variegata (Lamx.) Papenfuss

1943: 467, figs. 1-14. Dictyota variegata

Lamouroux 1809/^: 331 (Antilles). Zonaria

variegata (Lamx.) C. Agardh 1817: xx

Fig. \4k

LOCAL DISTRIBUTION: Frequent on coral

fragments in shallow water to 3 m., Sta. 1
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Fig. 15. Dictyota dkhotoma: Habit of part of a narrow and part of a broad form, X 1.

(11072). At Sta. 9 some closely adherent forms

were found having a habit suggestive of Kalf-

sia (11320).

Dictyota dichotoma (Huds.) Lamouroux

1809^: 331; Okamura, leones 3: 39, pis.

111-113; Dawson 1950^: 90. Ulva dicho-

toma Hudson 1762: 476 (England)

Fig. 15

LOCAL DISTRIBUTION: In drift, Sta. 3

(11093).

Dictyota friabilis Setchell 1926: 91, ph 13,

figs. 4-7, pi. 20, fig. 1 (Tahiti)

Fig. 16^^, h

LOCAL DISTRIBUTION: Creeping, loosely ad-

herent, and overlapping, on irregular surfaces

of coral in 2-3 m., Sta. 2 (11389, 11361).

The variation in width and form shown by

these two collections is in good accord with

the type material from Tahiti. A few repro-

ductive blades bear undivided sporangia on

their ventral surfaces.

Dictyota patens J. Agardh 1882: 93 (warm

seas: Virgin Islands and Friendly Islands);

Okamura, leones 3, pi. 104, figs. 1-11

Fig. I6c

LOCAL DISTRIBUTION: Scarce, Sta. 4 (11419).

This material agrees well with the species

as it is known in southern Japan and the

Ryukyu Islands. However, Agardh’s type

material, including both Pacific and Caribbean

specimens, has apparently not been reviewed

by any recent authors.

Padina commersonii Bory 1828: 114 (lie
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Fig. 16. a, b, Dictyota friabilis: a, A portion of a thai-

lus of 11361, showing sporangia and rhizoids with

sand grains on the ventral surface, X 2.5; b, outline of

part of a sterile thallus of 11389, X 1. c, Dictyota patens:

An upper portion of a plant to show apices and mar-

ginal teeth, X 2.3.

de France); Weber van Bosse 1913: 178,

fig. 51; B0rgesen 1930: 170

Fig. 17

LOCAL DISTRIBUTION: Small plants to 2 cm,

tall from conspicuous 'Vaughaniella' creeping

parts, Sta. 1 (11128); large, flabellate plants

to 20 cm. tall on rocks, Sta. 3, 4 (11163).

These plants have the fertile zones alternat-

ing with hair zones as is characteristic of this

species according to Weber van Bosse.

Colpomenia sinuosa (Roth) Derbes and

Solier 1856: 11, pi. 22, figs. 18-20. Viva

sinuosa Roth 1806: 327, pi. 12 (Cadiz,

Fig. 18^, c, d

LOCAL DISTRIBUTION: A number of different

forms of this species occur, often intermingled

in a given locality. In many respects they

suggest different species, but experience in

other regions has taught that the specimens

representing this range of variability cannot

satisfactorily be separated into specific units.

The smooth, rounded form of Figure 18^,

which may be considered the typical form of

the species (forma sinuosa)^ is readily recog-

nized by its brown, bubble-like shape. Figure

18r, d represent two examples from a con-

siderable range of tuberculate, lobed, con-

torted, and perforated plants. The strongly

lobed one of Figure 18c forms dense, more or

less hemispherical thalli to 5-6 cm. in di-

ameter which occur in abundance alongThe

beach at Cii Lao. The part of a plant drawn

is a variant with rather gross protruberances.

Other examples have smaller, more com-

pacted lobes. Figure 18^ represents a form

which tends to approach Hydroclathrus in its

contorted form and perforated thallus. It is

rather coarse in texture and has thicker walls

than 11331, which is thin-walled and rather

soft in texture. Although occasionally found

elsewhere, all these forms occur in abundance

in the shallow area just east of the village of

Cu Lao during February.

Fig. 17. Padma commersonii: A mature, fertile blade,

X 0.9.
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Fig. 18. c, d, Colpomenia sinuosa: a. Habit of a plant of 11330, X 1.5; c, portion of a hemispherical plant of

11331, X 1; d, habit of a plant of 11350, X 1.5. b, Hydroclathrus clathratus: A small portion of a reticulate plant,

X 1.5. e, Kosenvmgea nhatrangensis: Transection of a thallus through a sorus of plurilocular sporangia around a group
of hairs, X 225.

Hydroclathrus clathratus (Ag.) Howe 1920:

590. Encoelium clathratum C. Agardh 1822:

412 (Belle Isle, France)

Fig. 18^

LOCAL DISTRIBUTION: In shallow water, Sta.

10 (11332); Sta. 4 (11425).

This species was rare and in young stages

in January, but by mid-March had become

fairly common and well developed in the Cau

Da-Cua Be area.

Rosenvingea nhatrangensis sp. nov.

Figs. 18^, 19^

Thallo epiphytico, 4-6 cm. alto, ope rhiz-

oidum multicellularum adnexo, cavo, mem-
branaceo, molli, breviramato, Ibbato, partibus

inferioribus ad 2.5-3 cm. diametro, ramis 2-4

cm. longis, 1.0-1. 5 cm. lads, ramis brevibus

ultimis lobisque 4-6 mm. lads, terminaliter

rotundatis; sporangiis plurilocularibus cras-

siclavatis, 12-16 ix longis, in soris rotundatis

fixis circiter 250 ju diametro, plerumque an-

nulum crassum formantibus circum plures

pilos e depressione exigua in superficie

orientes.

Thallus epiphytic, 4-6 cm. high, attached

by masses of multicellular rhizoids about 10

fjL in diameter, hollow, soft, thin-walled, short-

branched and lobed, the lower parts to 2.5-3

cm. in diameter, the branches 2-4 cm. long,

1.0-1. 5 cm. wide, the ultimate short branches

and lobes 4-6 mm, wide, terminally rounded;

thallus wall 110-150 fx thick, consisting of a

single surface layer of small, somewhat peri-

clinally elongated, densely pigmented cells

mostly 9-11 ^x in length, and a subsurface

tissue of thin-walled, irregularly rounded,

colorless cells up to 100 ju in diameter; pluri-

locular sporangia thick-clavate, 12-16 ix long,

borne in small, rounded sori about 250 fx in

diameter usually forming a thick ring around

a small group of hairs arising from a slight

depression in the surface.

TYPE: Holotype is Dawson 11170, Jan. 30,

1953, in the U. S. National Herbarium.
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Fig. 19- a, Rosenvingea orientalis: Habit, X 1. Rosenvingea nhatrangensis: Habit, X 1.

Type Locality: Epiphytic on Diplanthera

and on algae on the sand flats of Cua Be near

Truong Dong.

Additional material: Same locality, Mar. 15,

1953, on a shell (11432).

This species is apparently most closely re-

lated to Rosenvingea fastigiata (Zanard.) B0rg.,

especially to the variety major Reinb., which

reaches a branch diameter of 5 mm. That

species also has the sori in rings around hair

groups, but its regular dichotomous branch-

ing and the equality of diameter throughout

give it a very different aspect from the present,

much-inflated, and lobed, short species.

Rosenvingea orientalis (J. Ag.) B0rgesen

1914: 182; B0rgesen 1930: 168. Asperococcus

orientalis]. Agardh 1848: 78 (Manila, Phil-

LOCAL DISTRIBUTION: Sta. 4 (11180); in

drift, Sta. 3 (11091).

This species seems not to have been illus-

trated, and I have seen no authentic material.

However, my plants agree with Agardh ’s de-

scription and with B^rgesen’s comments

about the plant. The fine attenuation of the

branch-apices is distinctive.

Chnoospora implexa Hering, ex J. Agardh

1848: 172 (Red Sea); Weber van Bosse

1913: 137; Yamada and Tanaka 1938: 67.
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Fig. 20. a, b, Chnoospora implexa: Examples of both the lax and the more compact forms, X 0.95. c, Chnoospora

pacifica: Habit of a plant of medium size, X 0.9.

Okamura 1918, leones 4, pi. 164, figs. 1-9

(as Chnoospora ohtusangula)

Fig. 20a, b

LOCAL DISTRIBUTION: Lax, to 30 cm. tall,

in drift, Sta. 4 (11420); forming extensive,

loose mats 10-12 cm. thick on coral frag-

ments in shallow water, Sta. 13 (11433).

Chnoospora pacifica J. Agardh 1847: 7

(Pacific Mexico); Kiitzing, Tab. Phyc. 9,

pi. 86; Taylor 1942: 51, pi. 9, figs. 1, 2;

Yamada 1950: 189

Fig. 20c

LOCAL DISTRIBUTION: Abundant at middle

levels, Sta. 8 (11273).

This material is in good agreement with

the type specimens collected by Liebmann on

the coast of Oaxaca, Mexico.

Turbinaria ornata (Turn.) J. Agardh 1848:

266, Fucus turbinatus var. ornatus Turner

1808: 50, pi. 24, figs, c, d (type locality

unknown)
Fig. 21

LOCAL DISTRIBUTION: Forming dense col-

onies several decimeters across on rocks

slightly exposed at lowest water, Sta, 1

(11135). These plants were young in January,

reaching good development in March.
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Fig. 21. Turbinaria ornata: Habit of a plant exclusive

of base and attachment stolons, X 1.5.

Key to the Species of Sargassum

1. "Leaves” coarse, thick, + ~ fleshy, at

least below, about two thirds as broad as

long S. crassifolium

"Leaves” not thick or fleshy, mostly more

than twice as long as broad 2

2. Vesicles with prominent foliose margins

S. mcclurei

Vesicles smooth, apiculate or bearing

spines, but without foliose margins .... 3

3. Vesicles about 1.5 cm. long; axes flat, at

least in part S. sp. 2

Vesicles all less than 1 cm. long; axes

+ — cylindrical throughout 4

4. "Leaves” mostly linear 5

"Leaves” not linear 6

5

.

Vesicles elongate, apiculate, without spines

S. sp. 4

Vesicles H rotund, not apiculate, some-

times bearing spines S. sp. 1

PACIFIC SCIENCE, Vol. VIII, October, 1954

6. Attached by ramified stolons

S. polycystum

Attached by a discoid or cone-shaped

holdfast 7

7. "Leaves” with abundant, fine, sharp teeth;

vesicles elongate, apiculate S. sp. 3

"Leaves” with irregular, coarse or blunt

teeth; vesicles rotund, not apiculate but

often bearing teeth S. sandei

Sargassum polycystum C.Agardh 1824: 304

(Sunda Straits); Yamada 1942^: 376, figs.

5, 6; Yamada 1950: 193

Fig. 22t, u

LOCAL DISTRIBUTION: On rocks, Sta. 3

(11167); in drift, Sta. 11 (11351).

The production of creeping stolons from

the base of this species is distinctive.

Sargassum mcclurei Setchell 1933: 45, pi.

19 (Hong Kong)
Fig. 22k-o

LOCAL DISTRIBUTION: Drift, Sta. 11 (11360);

drift, Sta. 2 (11423).

Sargassum crassifolium J. Agardh 1848:

(Tropical Africa and Southwest Pacific)

326; Yamada 1942^: 511, fig. 14.

Fig. 22/

LOCAL DISTRIBUTION: Exposed rocks, Sta.

10 (11345).

Sargassum sandei Reinbold, in Weber van

Bosse 1913: 158, fig. 47, pi. 4 (Flores Is-

land, Indonesia)

Fig. 22r, j-

LOCAL DISTRIBUTION: On Outer rocks, Sta.

11 (11416).

Sargassum sp. 1

Fig. 22g, h

LOCALDISTRIBUTION: In drift, Sta. 2 (11359),

about 3 meters long.
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Fig. 22. (All drawings X 1.5) a, b, Sargassum sp. 2: a, A "leaf”; b, a vesicle. c~e, Sargassum sp. 3: "Leaves” and
vesicles showing variation./, Sargassum crassifolium: A duplicate "leaf” from a young plant, g, h, Sargassum sp. 1:

g, Two "leaves,” the broader form being of infrequent occurrence; h, vesicles. /, /, Sargassum sp. 4: "Leaf” and
vesicles, k-o, Sargassum mcclurel: k-m, "Leaf” and two vesicles from 11423; n, o, "leaf” and two vesicles from 11360.

p, q, Sargassum sp. 3: "Leaves” and vesicles showing variation (compare with c, d, e). r, s, Sargassum sandei: "Leaf”

and vesicles, t, u, Sargassum polycystum: "Leaves” and vesicles.
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Dr. Yamada believes this is an undescribed

species but does not venture to name it in-

asmuch as the specimen is incomplete.

Sargassum sp. 2

Fig. 22a, h

LOCAL DISTRIBUTION: In drift, Sta. 2

(11358); also observed in drift on the seaward

shore of lie de Tre.

Sargassum sp. 3

Fig. 22c-^, p, q

LOCAL DISTRIBUTION: On rocks, Sta. 3

(11168), Sta. 10 (11346).

Sargassum sp. 4

Fig. 22/,/

LOCAL DISTRIBUTION: In drift, Sta. 11

(11352).

RED ALGAE

Key to the Genera of Khodophyta

1. Thallus calcified, at least in part 2

Thallus uncalcified 16

2. Thallus crustose 3

Thallus not crustose, the erect parts

branched, free. 10

3. Tetrasporangia borne in nemathecial sori

Peysonnelia (in part)

Tetrasporangia borne in enclosed con-

ceptacles 4

4. Thallus monostromatic or essentially so

5

Thallus polystromatic 6

5. Epiphytic, prostrate; conceptacles 150-

200 fi in diameter Fosliella

Not epiphytic, partially free; conceptacles

1 mm. or more in diameter . Lithoporella

6.

Roof of sporangial conceptacles perfor-

ated by few to many pores

Lithothamnium

Roof of sporangial conceptacles perfor-

ated by a single pore 7

7,

Heterocysts present and prominent . ....

Hydrolithon

Heterocysts absent or obscure. 8

8. Thallus a simple crust 150-2,500 n thick

9

Thallus with prominent excrescences or

branches Lithophyllum (in part)

9. Sporangial conceptacles 500-600 jj, in

diameter Neogoniolithon

Sporangial conceptacles 100-130 ju in

diameter Lithophyllum (in part)

10. Calcification discontinuous, the thallus

jointed 11

Calcification complete or incomplete but

not discontinuous; thallus not jointed

12

11. Conceptacles terminal; segments less

than 225 jjl in diameter Jania

Conceptacles lateral; segments over 250

JJ, in diameter Amphiroa

12. Thallus flabellate Titanophora

Thallus cylindrical to ligulate ..13

13. Thallus calcified very lightly only at the

base Dermonema

Thallus lightly to heavily calcified

throughout except at young tips . . . .14

14. Thallus soft, + — lubricous .. Liagora

Thallus H rigid, not lubricous .... 1

5

15. Thallus provided with whorls of filaments

extending from the cortex

Actinotrichia

Thallus smooth, or, if extended filaments
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present, these not in whorls

Galaxaura16.

Thallus crustose 17

Thallus not crustose 18

17. Tetrasporangia in sunken conceptacles

Hildenbrandia

Tetrasporangia in nemathecial sori

Peysonnelia (in part)

18. Free thallus parts consisting of a single

row of cells 19

Free thallus parts consisting ofmore than

a single row of cells 27

19. Filaments unbranched

Erythrotrichia

Filaments branched 20

20. Cell cavity less than half the diameter of

the gelatinous filament . . . Asterocystis

Cell cavity much greater in diameter than

wall thickness 21

21. Cells of subultimate segments over 160

IJL in diameter Griffithsia

Cells of subultimate segments less than

100 in diameter 22

22. Branching opposite or verticillate, at

least below 23

Branching alternate or irregular 24

23. Tetrasporangia surrounded by curved,

involucral filaments Wrangelia

Tetrasporangia not associated with curved

filaments Antithamnion

24. Cells of main axes over 50 /x in diameter

25

Cells of main axes less than 20 /x in

diameter. Acrochaetium

25. Branches spirally arranged from a per-

current axis 26

409

Branches sparse, not spirally arranged . .

Neomonospora

26. Sporangia to 150 /x in diameter, undivided,

encircled by slender involucral filaments

Callithamnion?

Tetrasporangia to 50 /x in diameter, free

Mesothamnion

27. Thallus complanate and membranous, at

least in part 28

Thallus cylindrical, compressed or flat-

tened but not membranous 32

28. Thallus membranous throughout. . . .29

Thallus consisting of a subcylindrical,

prostrate axis bearing membranous, leaf-

like blades Leveillea

29. Growing by means of an apical cell. . . 30

Growing by means of a marginal meris-

tem 31

30. Branches arising from the midrib

Hypoglossum

Branching subdichotomous . Caloglossa

31. Thallus monostromatic Porphyra

Thallus consisting of several layers of

cells and filaments Halymenia

32. Thallus uniaxial, a single apical cell dis-

tinguishable at least in young, growing

parts 33

Growth by means of a marginal, terminal,

or intercalary meristematic region. ... 55

33. Thallus furry, consisting of a densely

corticated axis bearing abundant, uni-

seriate hairs 34

Not as above 35

34. Branching dichotomous .... Dasyopsis

Branching multifarious Dasya

35. A central axial filament readily observed
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in transverse or longi- section of mid-

parts 36

A central axial filament + — obscure or

not detectable in sections of mid-parts

47

36. Thallus essentially cylindrical through-

out 37

Thallus flat, at least in part. .Taenioma

37. Thallus with slender, elongate axes. .38

Thallus consisting of stipitate, obpyri-

form branches Acrocystis

38. Thallus consisting of segments, each

with a whorl of teeth around the upper

end Centroceras

Not as above 39

39- Filaments consisting of the central axial

cells and a cortex which is discontinuous

and in the form of bands, at least in

young parts or branches 40

Not as above 41

40. Cortication continuous in main axes,

discontinuous in lateral branchlets

Spyridia

Cortication essentially the same in

branches of different orders . . Ceramium

41. Thallus densely corticated with small

cells Acanthophora

Thallus with a single tier of cells sur-

rounding the central axial filament. . .42

42. Pericentral cells 3 Falkenbergia

Pericentral cells 4 or more 43

43. Axes provided with dense, spirally ar-

ranged, coarsely spinulose short branch-

lets Tolypiocladia

Not as above 44

44. Pericentral cells equal to the axial cells

in length 45

Pericentral cells half the length of axial

cells Bostrychia

45. Indeterminate branches alternating with

groups of determinate branches .......

Herposiphonia

All branches essentially indeterminate. .

46

46. Erect filaments arising from extensive

prostrate, creeping filaments

Lophosiphonia

Without extensive, prostrate filaments . .

Polysiphonia

47. Apical cell surrounded by short tricho-

blasts 48

Apical cell not surrounded by trichoblasts

52

48. Apical cell in a terminal depression ... 49

Apical cell emergent . Chondria (in part)

49.

Thallus cylindrical 50

Thallus flat 5

1

50. Ultimate branchlets very short

Laurencia (in part)

Ultimate branches not very short

Chondria (in part)

51. Branching all in one plane

Laurencia (in part)

Branching partly multifarious

Chondria (in part)

52. Thallus with slender, rhizoidal filaments

among the medullary cells 53

Thallus without rhizoidal filaments. . 54

53.

Cystocarps unilocular Pterocladia

Cystocarps bilocular. ...... .Gelidium

54.

Axes provided with numerous short

branchlets equally distributed on all sides

Hypnea
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Axes without numerous small branchlets,

or at least these not equally distributed

on all sides. Gelidiella

55. Lower parts uniseriate; growth intercalary

Goniotrichum

Lower parts not uniseriate; growth not

intercalary 5 6

56. Thallus hollow, with regular transverse

diaphragms Champia

Thallus not hollow, or at least without

diaphragms 57

57. Growing with and resembling a sponge

Ceratodictyon

Not as above 58

58. Creeping on mangrove roots; constricted

as if jointed Catenella

Not as above 59

59. Thallus in transection showing a medulla

of loosely interlaced filaments 60

Medulla without loosely interlaced fila-

ments 61

60. Thalli caespitose, the segments arching

Gigartina

Thalli not caespitose, erect Grateloupia

61.

Branching dichotomous 62

Branching not dichotomous 63

62. Segments to 3 mm. wide, with -f
—

frequent proliferous branchlets ........

Carpopeltis

Segments under 2.5 mm. wide, without

frequent proliferous branchlets

. . .
.^. Gymnogongrus

63. Axes 250 n or less in diameter 64

Axes mostly 1 mm. in diameter or more
... 65

64. Tetrasporangia and antheridia borne in

swollen, terminal stichidia.Gelidiopsis

Not as above Wurdemannia65.

Cystocarps with nutritive filaments ex-

tending from gonimoblast to pericarp. .

Gracilaria

Cystocarps without special nutritive fil-

aments Gracilariopsis

c d e

Fig. 23. a, Asterocystis ornata: Part of a filament 17-20

/i in diameter, X 73. b, c, Goniotrichum humphreyi: b.

Upper portion of a filament, X 185; c, basal portion

of a filament, X 233. <7, e, Erythrotrichia parietalis: d.

Lower portion of filament showing penetrating basal

cell and thick, swollen wall at the base, X 600; e, upper

portion of a filament showing parietal chromatophores.

X 350.

Asterocystis ornata (Ag.) Hamel 1924: 451,

fig. 7b-e; Tanaka 1952: 11, fig. 6. Conferva

ornata C. Agardh 1824: 104 (Europe)

Fig. 23^

LOCAL DISTRIBUTION: A minute epiphyte

on various small algae such as Tolypiocladia

from Sta. 4 (11156a) and Wurdemannia from

Sta. 2 (11185).
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Goniotrichum humphreyi Collins 1901:

251 (Jamaica); Tanaka 1952: 8, fig. 4

Fig. 25b, c

LOCAL DISTRIBUTION: Growing with En-

teromorpha on upper rocks, Sta. 10 (11328).

This plant consists of a slender, unbranched

or slightly branched filament which is uni-

seriate at the base and attached by a slight

enlargement of the gelatinous base of the

filament, either with or without enlargement

of the cavity of the lowermost cell. The fil-

aments are about 15 m in diameter near the

base and 30-35 m thick above.

Erythrotrichia parietalis Tanaka 1952: 18,

fig. lOa-e (Hyuga Prov., Japan)

Fig. 25d, e

LOCAL DISTRIBUTION: Epiphytic on Hypnea

esperi from coral rocks, Sta. 2 (11079).

My material corresponds closely with Ta-

naka’s figures of this newly described plant.

The parietal chromatophore and the penetrat-

ing basal cell are distinctive. The filaments are

about 10-20 11 in diameter.

Porphyra crispata Kjellman 1897: 15, pL 1,

figs. 4, 5, pi. 3, figs. 5, 6, pi. 5, fig. 15

(Japan); Tanaka 1952; 34, pi. 4, figs. 2, 3,

text fig. 17A-Q
Fig. 24

LOCAL DISTRIBUTION: Epiphytic on Gym-

nogongrus, Sta. 6 (11220).

My plants are sterile but up to 2.5 cm. tall

and in full agreement vegetatively with this

species known from Formosa and the Ryukyu
Islands. The thallus is monostromatic and

provided with minute marginal teeth. The
species is said to grow on rocks in Japan.

Key to the Species of Acrochaetium

1.

Basal attachment by a single cell

A. robustum

Basal attachment by several to many
cells 2

2. Basal cells at least partially penetrating the

host. 3

Basal cells not penetrating the host. . . .4

3. On Ltagora\ attached by penetrating fil-

aments A. occidentale

On Pterocladia', attached by a disc with

only slightly penetrating cells ..........

A. subseriatum

4. About 200 fi high; monospores unilateral

A. sancti-thomae

To 1.2 mm. high; monospores multifari-

ous A. gracile

Fig. 24. Porphyra crispata: Habit, X 0.9.

Acrochaetium sancti-thomae B0rgesen

1915: 30, figs. 23, 24 (Virgin Islands on

Sargassum)
25^-.

LOCAL DISTRIBUTION: On ChuetoMorpha an-

tennina, Sta. 8 (11265).

These plants reach a little over 200 ji in

height and are in good accord with this West

Indian species. In habit they are particularly

like B0rgesen’s figure 23c. The filaments,

however, are somewhat more slender (about

6 )u) than described for this species (8-9 m)-

Hairs are common. Although not mentioned

by B0rgesen, germinating spores show a divi-

sion into two cells which remain distinct for

a time from other cells of the basal filaments,

as in Kylinia pulchellum and K. dubosquii. Un-
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Fig. 25. a-c, Acrochaetium sancti-thomae: a, A germinating spore and a young plant consisting only of prostrate

filaments, X 425; b, a somewhat older plant in lateral view, X 280; c, a mature, erect filament with monospores,

X 263. d, e, Acrochaetium occidentale: d, Lower part showing penetrating filaments beside an antheridial filament

of Liagora farinosa, X lll\ e, upper part bearing monospores, X 196./, g, Acrochaetium suhseriatum: f. Upper part

bearing monospores, X 95; g, basal part showing partially penetrating cells, X 280. h, i, Acrochaetium gracile:

h, Upper part bearing monospores, X 183; i, basal attachment to host, X 235./^, Acrochaetium rohustum; j. Upper
part bearing monospores, X 275; k, basal part with specialized attachment cell, X 325. /, Falkenbergia hillebrandii:

A terminal portion of a filament, X 117. m, Dermonema frappieri: Habit of part of a clump, X 2.
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doubtedly this character is more conspicuous

against the translucent membrane of Chae-

tomorpha than against the dark surface tissue

of Sargassum. The chromatophores are dis-

tinctly parietal.

Acrochaetium occidentale B0rgesen 1915:

44, figs. 42, 43 (Virgin Islands)

Fig. 25^, c

LOCAL distribution: Forming a silky pile

about 1.5 mm. long on Liagora at Sta. 1

(
11121 ).

This material is identical with the West

Indian species except that only monospores

have been detected thus far.

Acrochaetium subseriatum B^rgesen

1932^: 118, figs. 6, 7 (South India); B^r-

gesen 1942: 15, fig. 6

Kg- 25/. g

LOCAL DISTRIBUTION: Forming small tufts

1.5-2 (or sometimes to 6) mm. high on

Pterocladia, Sta. 6 (11221).

My material is apparently more luxuriantly

developed than B0rgesen’s scant original

specimens from the Gulf of Mannar, or those

from Mauritius, but they are otherwise in

full agreement. The main axes are about 8 ju

in diameter and the monospores 12-13 m long.

Acrochaetium gracile B^rgesen 1915: 26,

figs. 19, 20 (Virgin Islands)

Fig. 25/>, i

LOCAL DISTRIBUTION: Forming a fine fur

about 0.9-1. 2 mm. long on the surface of

old Diplanthera leaves in drift, Sta. 3 (11105);

in small tufts 0.6-0.7 mm. high on Gelidiella,

Sta. 4 (11341a).

The material under 11341a is in close agree-

ment with B0rgesen’s account of the West
Indian plant. That under 11105 is about 30

per cent larger in all dimensions.

Acrochaetium robustum B0rgesen 1915:

40, figs. 38-40 (Virgin Islands); B0rgesen

1920: 449, hg. 418; Tseng 1945: 158, pi.

1, figs. 2-4; Abbott 1947: 203, hg. 4

Fig. 25/, k

LOCAL DISTRIBUTION: Abundantly epiphytic

on Sargassum, forming a fine, reddish, velvet-

like covering over nearly all parts of old

fronds, Sta. 3 (11174); Sta. 10 (11347).

These plants are up to 2 mm. high. The

filaments are mostly 6-10 /t in diameter. A.

sargassicola B0rgesen (1932^?: 115, figs. 3-5)

from Bombay, India, does not seem to be

distinct from A. robustum. See also Papenfuss

(1945: 317) as to A. lauterhachii (Schmitz &
Heydrich) Hamel.

Falkenbergia hillebrandii (Bornet) Falken-

berg == sporophyte generation of Aspara-

gopsis taxtformts (Delile) Collins and Hervey.

Feldmann and Feldmann 1942: 89; Dawson
1953: 57. Polysiphonia hillebrandii Bornet,

in Ardissone 1883: 376 (Italy)

Fig. 25/

LOCAL DISTRIBUTION: Epiphytic in small,

loose tufts and scattered filaments on algae,

Sta. 10 (11324).

No specimens of Asparagopsis have yet been

found in the Nha Trang area, and the specific

identity of this sporophyte generation of a

species of that genus is therefore in doubt.

It is tentatively referred here to the wide-

spread, tropical A. taxiformis.

Dermonema frappieri (Mont. & Millard.)

B0rgesen 1942: 42, fig. 21. Gymnophloea

gmci/h Martens 1866: 146. Cladosiphon frap-

pieri Montagne and Millardet 1862: 20, pi.

26, fig. 1 (Reunion Island). Tseng 1945:

159, pk 1, figs. 5, 6 (as Dermonema gracilis)

Fig. 2^m

LOCAL DISTRIBUTION: Growing in dense,

erect tufts 4-5 cm. high, Sta. 8 (11272).

The illustration of the type given by Bpr-

gesen is in close agreement with the Nha
Trang specimens. His notes from Jadin on

the habitat in Mauritius, and those of Tseng
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Fig. 26. Liagora farinosa: Habit, X 1.

for Hong Kong, are also in accord with the

conditions under which this plant grows in

Nha Trang Bay. Tseng says it is a spring

annual, disappearing by the end of May.

Key to the Species of Liagora

1. Branching + — dichotomous 2

Branching monopodial L. orientalis

2. Thalli 15-20 cm. high; antheridia densely

capitate ..." L. farinosa

Thalli 4-5 cm. high; antheridia not capi-

tate 3

3. Apices not tapered; thallus moderately

calcified, appearing mealy. L. ceranoides

Apices somewhat tapered; thallus rather

heavily calcified, + — smooth

. L. divaricata

Liagora farinosa Lamouroux 1816: 240 (Red

Sea); Yamada 1938: 23, pis. 8-10, text figs.

15, 16; Dawson 1953: 43, pi. 2, figs. 9-12,

pi. 14, fig. 1

Figs. 25^, 26

LOCAL DISTRIBUTION: On cotal fragments,

Sta. 1 (11110).

Liagora divaricata Tseng 1941: 269, figs.

2-4 (Hainan Island); Abbott 1945: 155,

LOCAL DISTRIBUTION: On coral fragments,

Sta. 1 (11109); Sta. 10 (11337).

Liagora orientalis J. Agardh 1896: 99 (Cey-

lon); Dawson 1953: 40, pi. 17, fig. 1.

Liagora formosana Yamada 1938: 32, pis.

14, 15, text figs. 21, 22; Tseng 1941: 275,

^ Fig. 21b
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Fig. 27. a, Liagora divarkata: Habit, X 0.9. b, Liagora orkntalis; Habit of part of a plant, X 1.

LOCAL DISTRIBUTION: On coral fragments,

Sta. 1 (11111).

Liagora ceranoides Lamouroux 1816: 239

(Virgin Islands); Tseng 1941: 271, fig. 5;

Yamada 1938: 20, pi. 6

Fig. 28^

LOCAL DISTRIBUTION: On coral fragments,

Sta. 1 (11108); Sta. 2 (11447).

Actinotrichia fragilis (Forsk.) B0rgesen

1932^: 6, pL 1, fig. 4. Fucus fragilis Forskal

1775: 190 (Red Sea). Actinotrichia rigida

(Lamx.) Decaisne 1842: 118

Fig. 28^

LOCAL DISTRIBUTION: Scarce, forming loose,

wiry clumps about 2.5 cm. high on coral

heads from 2-3 m., Sta. 2 (11388); at Cii

Lao, May 4, 1950 ( coll. R. Serene).

Key to the Species of Galaxaura

1. Thallus strongly flattened. ............

G, vietnamensis

Thallus cylindrical 2

2. Thallus smooth, without extended assimi-

latory filaments .......... G, fastigiata

Extended assimilatory filaments present

over entire thallus 3

3. Assimilatory portion homogeneous, com-

posed only of extended assimilatory fil-

aments ................ G, filamentosa

Assimilatory portion heterogeneous, com-

posed of both extended and short assimi-

latory filaments G. fasciculata
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Fig. 28. a, Liagora ceranoides: An assimilatory filament bearing antheridia, X 400. b, Actinotrichia fragilis: An
upper portion of a plant, X 7.5. r, <7, Galaxaura vietnamensh: c, A small portion of the cortex from the flattened

face of a blade, X 225; d, a small portion of the cortex from the margin, cut through a fascicle of extended

assimilatory filaments with their associated spinulose cells, X 250.

Galaxaura vietnamensh sp. nov.

Figs. 28c, d, 29a

Thallo typi sexualis, ad 9 cm. alto, e stipite

brevi, gracili, velutino, laminas complanatas

cuneate edente; ramificatione in una planitie

angulis angustis, intervallis 8-19 mm.; lam-

inis 3. 5-4. 5 mm. latis, tenuibus, marginibus

ad 350-400 fx, integris, baud constrictis, plene

calcificatis, plus minusve nitentibus, apici-

bus obtusis, rotundis; cortice plerumque

distromatico; cellulis subepidermalibus ro-

tundis hemisphaericalibusque, 23-35 /i dia-

metro; cellulis epidermalibus angularibus in

aspectu superficiali, circiter 18 n diametro;

cellulis spinulosis solum ad margines, pler-

umque in fasciculis parvis filamentorum as-

similativorum extensorum aggregatis.

Thallus of sexual type, to 9 cm. high, con-

sisting of a simple or forked, terete, velvety

stipe about 1.2 mm. in diameter and 2 mm.
long giving rise cuneately to the complanate

blades; branching in one plane at narrovy

angles, at intervals of 8-19 mm.; blades 3.5-

4.5 mm. wide, thin, the margins thickened to

350-400 fjL, entire, unconstricted, fully cal-

cified and + — nitent, not striate, the apices

blunt and rounded, scarcely tapered; cortical

tissue mostly distromatic, partly tristromatic

at the margins; subepidermal cells rotund-

hemispherical, 23-35 M in diameter; epidermal

cells angular in surface view, about 18 ju in

diameter; spinulose cells only at the margins,

usually aggregated among small groups of

extended assimilatory filaments; reproduction

not seen.

TYPE: Holotype is a collection by Raoul

Serene, April, 1950, in the U. S. National

Herbarium.

Type locality: Dredged from 33 meters off

the north side of "Black Rocks,” Sta. 8.

This is one of the broadest of Galaxaura

species, being most similar in this respect to

G. magna Kjellm. from Cape Agulhas, South

Africa. It differs from that species in its some-

what more flabellate branching at shorter in-

tervals, its distinctly thickened margins, its

usually distromatic cortical tissue, and the

presence of groups of spinulose cells mixed



Fig. 29. a, Galaxaura vietnamensls: Habit of the type, X 1. h, Galaxaura fasciculata: Habit, X 1.
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Fig. 30. a, Galaxaurafilamentosa: Habit of a specimen of the type collection, X 1. Galaxaurafastigiata: Habit,

X 1.1.

with fascicles of extended assimilatory fil-

aments along the margins.

Galaxaura fasciculata Kjellman 1900: 53,

pi. 5, fig. 1-9, pi. 20, fig. 14 (Celebes

Island); Chou 1945: 44, pi. 2, fig. 2, pi. 8,

fig. 1; Tanaka 1936: 147, text figs. 5-6, pi.

34, fig- 3 pjg 29^

LOCAL DISTRIBUTION: On coral, Sta. 2

(11145); Sta. 7 (11253).

The presence of extended assimilatory fil-

aments over the entire thallus and the fasci-

culate nature of the short assimilatory fila-

ments, in which the terminal cell is the largest

in diameter, are distinctive.

Galaxaura filamentosa Chou 1945: 39, pi.

1, figs. 1-6, pi. 6, fig. 1 (Revillagigedo

Archipelago, Mexico); Dawson 1953: 51,

pi- 19, fig. 2 p.g 3^^

LOCAL DISTRIBUTION: On coral dredged

from 2-3 m., Sta. 2 (11377).

Galaxaura fastigiata Decaisne 1842: 116

(syntype from Manila, Philippines); Daw-
son 1953: 50, pi. 20, fig. 2; Svedelius 1945:

28, text figs. 14-16, pis. 4, 5, 6, fig. 2

Fig. 30^

LOCAL DISTRIBUTION: On coral fragments,

Sta. 1 (11120).

This material is in full agreement with Cum

-

ming syntype material from Manila, now in

the Museum at Paris.

Key to the Species of Geltdium

1. Thalli cylindrical or subcylindrical

G. crinale

Thalli compressed to flat 2

2. Forming a turf to 4 mm. thick

G. pusillum

Not forming a turf; 1-2 cm. tall 3
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Fig. 31. a-c, Gelidium pusillum: a. Habit of a plant of 11069, X 15.5; b, apex of a blade showing apical cell,

X 150; c, habit of part of a tetrasporic plant of 11307. d, Gelidium crinale: A small portion of a tuft, X 7. e,f,

Gelidium crinale var. perpusillum: e, Habit of part of a plant, X 16; /, tip of a filament showing apical cell, X 100.

3. Main axes flat, much broader than ultimate

branchlets G. divaricatum, prox.

Main axes compressed, not much broader

than ultimate branchlets

G. pulchellum, prox.

2-4 mm. thick on rocks at middle and upper

levels, Sta. 1 (11069, 11307).

As in other parts of the world this small

plant is variable. The illustrations represent

two of the variants.

Gelidium pusillum (Stackh.) Le Jolis 1864:

139. Fucus pusillus Stackhouse 1801: 17, pi.

6 (England)

LOCAL DISTRIBUTION: Forming a dense tuft

Gelidium crinale (Turn.) Lamouroux, in

Bory 1825: 191; Dawson 1953: 64, pi. 4,

fig. 3. Fucus crinalis Turner 1819: 4, pL 198

(England)
3^^
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LOCAL DISTRIBUTION: Forming tufts to 1.5

cm. high on small, sedentary molluscs, Sta.

2 (11086).

Gelidium crinale var. perpusillum Piccone

and Grunow, in Piccone 1884/^: 317 (Red

Sea); Weber van Bosse 1921: 225

Fig. 5le, f

LOCAL DISTRIBUTION: Forming a coarse vel-

vet on mangrove roots, Sta. 12 (11396).

This tiny plant, reaching a maximum of 3.5

mm. in height, has abundant rhizoidal fil-

aments in the medulla and seems to agree

fully . with the description of this minute

variety of G. crinale.

Gelidium divaricatum Martens, prox. Mar-

tens 1866: 30, pL 8; Okamura 1901, Illust.

pi. 2; Tseng 1936^: 36, pi. 4, fig. 18a, b

Fig. 32^^

LOCAL DISTRIBUTION: Growing in dense

tufts to 1.5 cm. high, Sta. 6 (11451).

These plants agree in stature and in branch-

ing with this small species, but are flatter and

with more attenuation ofsome of the branches

than either Japanese or Chinese specimens.

The internal structure is agreeable either with

Gelidium or Pterocladia, and, in the absence of

cystocarpic examples, this determination must

be considered only approximate.

Gelidium pulchellum (Turn.) Kiitz., prox.

Feldmann and Flamel 1936: 119, fig. 23,

pi. 1, figs. 2, 3

Fig. i2b

LOCAL DISTRIBUTION: Sta. 4 (11203).

This tetrasporic material shows similarity

to some of the Mediterranean variants of

Gelidium pulchellum in its stature, compressed

axes, and pinnate branching. The tetrasporic

branchlets are simple and lanceolate, unlike

those of G. crinale^ but their acute apices and

lack of a sterile margin do not permit them

to be assigned to G. pulchellum without query.

Additional Indo-Pacific material must be ex-

Fig. 32. Gelidium divaricatum, prox.: Habit, X 2.5.

h, Gelidium pulchellum, prox.: Habit, X 3.6.

amined to determine the range of variability

and proper affinities of this small plant. It

shows some resemblance to G. pseudointri-

catum Skotts. & Levring (Levring, 1941: 635).

Pterocladia parva Dawson 1953: 77, pi. 6,

fig. 2 (Gulf of California)

Fig. 33^-f

LOCAL DISTRIBUTION: Growing as a dense

turf about 1.5 cm. thick on rocks, Sta. 6

(11223); forming a turf 4-6 mm. thick on
coral fragments, Sta. 10 (11348); sparsely

tufted on rocks, Sta. 10 (11326).

Although there is considerable variation in

branching among these three collections,

their size, habit, morphology, and structure

are in good agreement with the Mexican type

and paratype material.
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Key to the Species of Gelidiella

1. Plants 2-3 cm. tall, branches arching. . . .

G. acerosa

Plants 1 cm. tall or less 2

2. Plants tufted, to 1 cm. tall

G. myrioclada

Plants minute, partially creeping, 1.5-2

mm. tall 3

3. Basal creeping branches attached at inter-

vals G. tenuissima

Basal creeping branches attached by rhiz-

oids along their entire length . . G. adnata

Gelidiella acerosa (Forsk.) Feldmann and

Hamel 1934: 533. Fucus acerosus Forskal

1775: 190 (Red Sea). Echmocaulon acernsum

(Forsk.) B0rgesen 1932: 5, pi. 1, fig. 3

Fig. 33g

LOCAL DISTRIBUTION: On rocks slightly ex-

posed at low tide, Sta. 4 (11204); abundant

and commonly collected for food from rocks

at low-tide level, Sta. 10 (11340).

Gelidiella myrioclada (B0rg.) Feldmann

and Hamel 1934: 533. Echimcaulon myrio-

cladum B0rgesen 1934: 5, figs. 4, 5 (Bom-

bay, India)
33^

LOCAL DISTRIBUTION: Tufted, to 1 cm. tall,

on rocks, Sta. 10 (11341).

. My fertile plants are in complete agree-

ment with B0rgesen’s account of the Indian

type.

Gelidiella tenuissima Feldmann and Hamel

1936: 102 (Mediterranean France) . Gelidiella

pannosa (Bornet) Feldmann and Hamel

1934: 534, figs. 1, 2. Gelidium pannosum

Bornet 1892: 267 (non G. pannosum Gru-

now); Weber van Bosse 1921: 223, fig. 68,

pi- 7, fig.
3 33^

LOCAL DISTRIBUTION: Forming a coarse vel-

vet of filaments 1.5-2 mm. long on rather

high coral rocks, Sta. 1 (11302).

These plants are in particularly good agree-

ment with the Indonesian specimens ofWeber
van Bosse. In the few stichidia examined, the

sporangia were not in very clear transverse

rows as is usual in the species.

Gelidiella adnata sp. nov.

Fig. 33/

Thallis minutis, repentibus, e filamento

basali, cylindrico, prostrato, 40-70 ju diame-

tro, per totam superficiem inferiorem ope
seriei densae rhizoidum brevium adjunctis,

per superficiem superiorem filamenta vegeta-

tiva baud fere ramificata 35-60 /x diametro,

1. 5-2.0 mm. alta, atque stichidia tetrasporan-

giaha brevia, erecta, emittentibus; -tichidiis

plerumque in pedicellis brevibus gracilis

busque, 80-90 /x lads, lanceolatis, ad 400-500

/X longis crescentibus, sporangiis in stratis

transversis fere quaternis dispositis.

Thalli minute, creeping on rock surfaces,

consisting of a cylindrical, prostrate basal fil-

ament 40-70 fjL in diameter attached along

its entire undersurface by a dense rank of

short rhizoids, this giving off along its dorsal

surface erect, usually unbranched, vegetative

filaments 35-60 ju in diameter, 1. 5-2.0 mm.
tall, and short, erect, tetrasporangial stichidia;

stichidia mostly on short, slender pedicels,

80-90 fx broad, lanceolate, becoming 400-

500 II long, the sporangia usually arranged

in groups of four in regular transverse tiers;

tetrasporangia about 23 ii in diameter, tetra-

hedrally divided; cortical cells in surface view

longitudinally elongated and tending to be

arranged in rows.

type: Holotype is Dawson 11309, Feb. 13,

1953, in the U. S. National Herbarium.

Type Locality: Growing on intertidal rock

surfaces with Herposiphonia along rocky shore,

Sta. 9.

This minute Gelidiella differs from similarly

small G. tenuissima by its adnate basal branch

and by the pedicellate stichidia arising from
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it among the simple, erect, vegetative

branches.

Since the above was written, young, sterile

specimens, seemingly of this species, have

been found at Isla San Benedicto, Revillagi-

gedo Archipelago, Nov. 17, 1953.

Gelidiopsis intricata (Ag.) Vickers 1905:

61; Yamada and Tanaka 1938: 74, fig. 6a-c.

Acrocarpus intricatus Kiitzing, Tab. Phyc.

Fig. 33. a-c, Pterocladiaparva: a, A single erect axis of 11223 with its characteristic groups of pinnate branchlets,

X 10; b, part of a tetrasporic plant of 11348 showing the elongated sori, X 12; c, a cystocarp of 11348 in lateral

view, X 20. d, Gelidiella myrioclada: Habit of part of a tuft bearing tetrasporangial stichidia, X 8. e, Gelidiella

tenuhsima: Part of a plant bearing a tetrasporangial stichidium, X 50. /, Gelidiella adnata: Habit of part of a tetra-

sporangial plant of the type collection showing several young stichidia, X 28. g, Gelidiella acerosa: Habit of part

of a plant, X 1.5.
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18, pL 35d-f. Acrocarpus capitatus Kiitzing,

Tab. Phyc. 18, pi. 35a-c. Sphaerococcus in-

tricatus C. Agardh 1822: 333 (Ravak Island)

Fig. ^Aa-d

LOCAL DISTRIBUTION: Forming small, sparse

tufts and clumps 1-2 cm. high on coral frag-

ments, Sta. 7 (11243); to 3.5 cm. high on

rocks, Sta. 11 (11409); Xa Cu Bay, lie de

Tre, Aug. 23, 1949 (coll. R. Serene).

These specimens are variable in diameter

and in the degree of branching, compression,

and attenuation of some of the erect branches,

but in general agree well with the illustrations

of Kiitzing and of Yamada and Tanaka. The

swollen, terminal tetrasporic stichidia are dis-

tinctive. The branches range mostly between

175 and 250 some becoming attenuated to

about 100 ju. Antheridia seem not to have been

illustrated before.

A fragment of Kiitzing’s type material of

Acrocarpus capitatus from New Caledonia has

been sectioned and found to agree well with

the Viet Nam collections. I venture to place

that name in synonymy.

Fig. 34. a-d, Gelidiopsis intricata: a, Habit of part of

a plant of 11243, X 4,5; h, part of a tuft of 11409,

X 2; f, a tetrasporangial stichidium of the same, X 20;

d, a capitate antheridial branch-apex of 11243, X 17.

Wurdemannia miniata (Lmk. & DC) Feld-

mann and Hamel 1934: 544, figs. 9-11;

Dawson 1953: 86. Fucus miniatus Lamarck

and DeCandolle 1815: 6 (Mediterranean

France)
Fig. 35

LOCAL DISTRIBUTION: Forming dense, wiry

mats on coral fragments, Sta. 13 (11437);

tufted, to 2 cm. high, Sta. 4 (11185); on coral

fragments, Sta. 7 (11242).

The branches range in diameter from 140

to 230 ju, although some small forms may be

somewhat less than 100 fj,
in diameter. No

apical cell is present.

Hildenbrandia prototypus Nardo 1834

675 (Adriatic Sea); Dawson 1953: 95, pi.

7, fig- 4 ^

LOCAL DISTRIBUTION: Forming thin, deep-

red films on upper intertidal rocks and stones

in tide pools, Sta. 1 (11073); Sta. 11 (11410).

Peyssonelia rubra var. orientalis Weber
van Bosse 1921: 270, figs. 86-89 (Indo-

nesia); Dawson 1953: 104, pi. 10, figs. 8,

9; Taylor 1950: 121

Fig. 36c

LOCAL DISTRIBUTION: Forming a firmly ad-

herent, thin (60-70 n thick) reddish crust on

coral fragments, Sta. 1 (11070); bright red-

dish crusts 150-200 ju thick on a shell dredged

from 5 m. off Cau Da (11123).

The material examined is sterile but agrees

vegetatively with the accounts of this species

from Indonesia and from Mexico.

Peyssonelia gunniana J. Agardh 1876: 387

(Eastern Australia)
;
Weber van Bosse 1921

:

272, fig. 90 p.g
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LOCAL DISTRIBUTION: Forming loosely ad-

herent, partially free crusts on coral, Sta. 7

(11238 ).

This species is distinguished by its loosely

attached habit, its multicellular rhizoids, and

ascending perithallium cell rows. It is quite

brittle when dry, and dull in color. It is more

heavily calcified than Australian examples I

have seen.

Peyssonelia calcea Heydrich 1897: 10 (Tami

Island, New Guinea); Weber van Bosse

1921: 277, fig. 94; Dawson 1953: 107

Fig. na

LOCAL DISTRIBUTION: Qustose, on coral

fragments, Sta. 1 (11071).

These specimens are in good agreement

with the species as known both from the

Indonesian region and from Socorro Island,

Mexico. They are heavily calcified, 500

thick, yellow brown in color, with intercellu-

lar spaces between the decalcified perithallium

cells, numerous unicellular rhizoids, and con-

Fig. 35. Wurdemannia minlata: Habit of part of a

plant extracted from a tuft with small bits of Hypnea
attached at points A and B, X 5.

Fig. 36. a, h, Htldenbrandia prototypus: a. Minute,
angular vegetative cells of the thallus as seen in surface

view, X 350; b, a tetrasporangium 30 ju long showing
the irregular divisions, X 350. c, Peyssonelia rubra var.

orientalis: A small portion of a sterile thallus in vertical

section showing the unicellular rhizoids and erect peri-

thallus cell rows, X 180. d, Peyssonelia gunniana: A small

portion of a sterile thallus in vertical section, X 200.

spicuous heterocysts among the small super-

ficial cells.

Fosliella farinosa (Lamx.) Howe 1920: 587.

Melohesia farinosa 'Ldimomoux. 1816: 315, pi.

12, fig. 3 (Europe); Lemoine, in B0rgesen

1917: 170, fig. 165

Fig. 37c

LOCAL DISTRIBUTION: On Sargassum, Sta. 3

(11169).

These plants have tetrasporic conceptacles

150-200 fjL in diameter and seem better re-

ferred here than to Fosliellapaschalis (Lemoine)

Setch. & Card. The heterocysts are con-

spicuous.

Hydrolithon reinboldii (W. v B. & Fosl.)

Fosliel909: 55. Lithophyllum reinboldii Web-
er van Bosse and Foslie, in Foslie 1901: 5

(Indonesia); Weber van Bosse and Foslie

1904: 49, fig. 21, pi. 10, figs. 1-6

Fig. 1>lh

LOCAL DISTRIBUTION: On stones, Sta. 3

(
11211 ).
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Fig. 37. a, Peyssonelia calcea: Habit of a specimen on a coral fragment, X 1.2. b, Hydrolithon reinboldii: Habit

of a plant on a stone, X 1.5. c, Fosliella farinosa: Habit of plants on a "leaf” of Sargassum, X 1.4.

This genus is characterized by its mono-
stromatic hypothallium of cells 18-25 m long,

its irregularly shaped and arranged perithal-

lium cells, and scattered heterocysts. The
specimen figured is a young one in which the

low, rounded excrescences of older forms have

not yet fully developed. The tetrasporangial

conceptacles are about 350 fi in diameter as

seen from above, low and convex.

Lithothamnium erubescens var. subflabel-

latum Foslie, in Weber van Bosse and Fos-

lie 1904: 31, pi. 3, figs. 23-25 (Indonesia)

Fig. 38^-c

LOCAL DISTRIBUTION: On coral dredged

from 2-3 m., Sta. 2 (11381); at low-water

level in dark tideways, Sta. 9 (11322); on

coral fragments, Sta. 13 (11439).

This material seems clearly to agree with

the type specimens of var. subjlabellatum as

illustrated and described by Foslie. He main-

tains that the species is variable and wide-

spread in both the Atlantic and Pacific. The

compressed branches and more or less flabel-

late branch systems are distinctive.

Lithophyllum trichotomum (Heydr.) Le-

moine 1929: 45; Dawson 1944: 267, pi. 55,

fig. 2, pi. 58
,
figs. 1, 4-6, pi. 60. Lithotham-

nion trichotomum Heydrich 1901: 538 (Gulf

of California)

LOCAL DISTRIBUTION: On old coral frag-

ments, Sta. 7 (11239).

Both superficial and embedded tetraspor-

angial conceptacles have been examined in
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this plant. They are 350-400 ju in diameter and

low convex when superficial. The form and

structure of this plant compare well with some

of the writer’s Mexican collections. The slen-

der, irregularly forked, erect branches arise

from a rather thin crust whose margins are

sometimes slightly free and undulate.

Lithophyllum okamurai Foslie 1900: 4

(Sagami, Japan); Foslie, in Weber van

Bosse and Foslie 1904: 59, ph 11, figs.

Fig. 39^

LOCAL DISTRIBUTION: In shallow water, Sta.

7 (11240).

The single specimen at hand appears to

correspond with the Indonesian and Japanese

plants figured by Foslie under this name. It

shows a few low, domoid carposporic con-

ceptacles about 170 ju in diameter, but spor-

angia were not seen. As Foslie has indicated

in 1904 this species is not clearly distinguish-

able from plants under several other names

such as L. racemus, L. kalsern, L. pallescens, L.

fasciculatum, L. ajfine, and L. andrussowii.

Much careful study will be required before

satisfactory specific limits can be assigned

among the species of this complex,

Lithophyllum samoense Foslie 1906: 20

(Samoa); Foslie 1929: 38, pi. 53, fig. 19

Fig. 40^

LOCAL DISTRIBUTION: Growing as a thin

crust on an old coral fragment, Sta. 10

(11338 ).

Fig. 38. a-c, Lithothamnium erubescens var. subflabellata: a, b. Two specimens of 11439, a seen from above, b, from
below, X 1; c, a more openly branched example of 11381, X 1. d, Lithophyllum trichotomum: Habit, X 1.
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Fig. 39 . Lithophylhm okamurai: Habit, X 0.9. h, Neogoniolithon myriocarpum: Habit, X 1.

This specimen has the characteristic struc-

ture of a thin, smooth Lithophyllum species

and agrees well with the description of L.

samoense. The crusts are mostly 150-200 ^

thick and the small, convex tetrasporangial

conceptacles only about 100-130 /x in di-

ameter.

Neogoniolithon myriocarpum (Foslie)

Setchell and Mason 1943: 90. Lithothamnion

myriocarpum Foslie 1897: 19 (Red Sea).

Goniolithon myriocarpum Foslie, in Weber
van Bosse and Foslie 1904: 45, pL 9, figs.

^ Kg. 39^

LOCAL DISTRIBUTION: Growing on a shell

dredged in about 5 m., Sta. 2 (11125).

This specimen agrees well in habit and

structure with the descriptions and figures of

this species. It forms thin crusts about 200-

2,500 }x thick, becoming superimposed, and

with concentric striations and large, hemi-

spheric-conical tetrasporangial conceptacles

500-600 iJL in diameter. The thallus is com-

posed of a hypothallium of horizontal, as-

cending rows of elongated cells giving rise to

erect, perithallium cell rows supporting an

epithallium of small, flattish cells. As Foslie

indicates (1904) heterocysts are scarce or un-

recognizable.

Lithoporella pacifica (Heydr.) Foslie 1909:

59- Melobesia pacifica Heydrich I90I: 529

(Hawaii)

Fig. 40^

LOCAL DISTRIBUTION: Loosely attached to

undersurfaces of coral dredged from 2-7 m.,

Sta. 2 (11281, 11376).

This species is exceedingly fragile, being

monostromatic, 45-60 /x thick, and brittle

from heavy calcification. Its repent habit and

large conceptacles 1 mm. or more in diameter

are distinctive.
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Fig. 40. a, Lithophyllum samoense: A small portion of a crust in vertical section showing a tetrasporic conceptacle,

X 120. b, Lithoporella pacifica: A portion of a plant seen from the superior surface showing a conceptacle, the

zonation of heavier and lighter calcification, and the relative thickness of the broken edge, X 4. c, Amphiroa

foltacea: A branched upper portion of a clump, X 2. d, Jania longiarthra: An upper portion of a typical plant,

X 14. e, Jania ungulata f. brevior: An upper portion of a plant to show branching and ungulate tips, X 16./,

Jania decussato-dichotoma:A small part of a plant, X 9. g,h, Amphiroa fragilissima: g, A portion of a loosely branched

plant, X 3; a portion of a coarser plant with abundant conceptacles and less conspicuous swelling at the nodes,

X 1.5.
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Amphiroa foliacea Lamouroux 1824: 628,

pi. 93, figs. 2, 3 (Mariannas Islands);

Weber van Bosse and Foslie 1904: 92, pi.

14, figs. 1-11

LOCAL DISTRIBUTION: In loose clumps

among other algae on coral rocks, Sta. 1

(11133).

Amphiroa fragilissima (L.) Lamouroux

1816: 298; Weber van Bosse and Foslie

1904: 89, pi. 16, figs. 1, 2, 5; B0rgesen

1934: 7. Corallina fragilissima Linnaeus

1767: 1305 (Caribbean Sea)

Fig. 40g, h

LOCAL DISTRIBUTION: In drift, Sta. 11

(11356); in drift, Sta. 3 (11098); Sta. 4

(11188).

These specimens are variable in diameter,

in nodal swelling, and in the angle of branch-

ing, but seem to fall within the limits of var-

iability of this widespread species.

Key to the Species of Jania

1. Terminal segments broad, ungulate, at

least in part J. ungulata f. brevior

Terminal segments not broad 2

2. Segments mostly under 125 /x in diameter

J. capillacea

Segments over 130 /x in diameter. ...... 3

3. Angle of branching wide; segments 2.5-6

diameters long
. J. decussato-dichotoma

Angle of branching narrow; segments 6-

12 diameters long J. longiarthra

Jania ungulata f. brevior (Yendo) 1905: 38.

Corallina ungulata f. brevior Yendo 1902:

27, pi. 3, fig. 9, ph 7, fig. 9 (Boshyu Prov.,

Fig. 40.

LOCAL DISTRIBUTION : Forming small clumps

5-8 mm. high on a sponge from Sta. 9

(11317).

The segments are 130-220 fx in diameter.

Jania decussato-dichotoma (Yendo) Yen-

do 1905: 37; Dawson 1953: 117, pL 27,

fig. 3. Corallina decussato-dichotoma Yendo
1902: 25, pL 3, figs. 1-3, pi. 7, figs. 3, 4

Fig. 40/

LOCAL DISTRIBUTION: Forming dense little

clumps about 1 cm. high among other algae,

Sta. 4 (11182).

These decussately branched plants have

segments 130-180 /x in diameter and 2.5-6

diameters long. They are in good agreement

both with Yendo's illustrations and with spec-

imens from Pacific Mexico.

Fig. 41. a, b, Jania capillacea: a, A small portion of

a plant of 11100 with relatively slender branches, X 10;

b, a small portion of a relatively coarse plant of 11250

with segments 125 /x in diameter, X 10.
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Fig. 42. a, Grateloupia filicina: Habit, X 1.35. b, Grateloupia ramosissima: Habit, X 1.

Jania longiarthra Dawson 1953: 119, pi.

9, fig. 4, pi. 27, fig. 4 (Espiritu Santo Is-

land, Gulf of California)

Fig. AQd

LOCAL DISTRIBUTION: In drift, Sta. 3

(11099); dredged in 2-4 m., Sta. 2 (11298).

This material is identical in form and habit

with the type of this Mexican species. The
branches are mostly about 150-160 n in dia-

meter in mid-parts, thus, a little more slender

than the type. The long segments, narrow

angle of branching, relatively large diameter,

and subulate tips distinguish it.
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range in branch size from as little as 50 /x to

over 125 m in diameter.

Grateloupia filicina (Wulfen) C. Agardh

1822: 223. Fucus filicinus injacquin

1786-96: 157, pL 15, fig. 2 (Adriatic Sea)

Fig. 42^

LOCAL DISTRIBUTION: On rocks, Sta. 6

(11235).

These plants are fertile and entirely char-

acteristic of slender forms of this species.

Fig. 43. Halymenia dilatata: Habit, X 0.75.

Grateloupia ramosissima Okamura 1913,

leones 3: 60, pL 117, figs. 1-11 (Southern

Honshu, Japan); Tseng 1936^: 43

Fig. 42^

LOCAL DISTRIBUTION: Forming dense mass-

es 10-15 cm. long on the face of the sea wall,

Sta. 6 (11236, 11454).

My material is somewhat more slender than

Japanese and Formosan specimens I have seen,

but is clearly like this species in habit and

branching. The abundant, short, fertile branch-

Jania capillacea Harvey 1853: 84 (Florida);

Dawson 1953: 116

Fig. 41^, b

LOCAL DISTRIBUTION: Entangled with small,

filamentous algae in drift, Sta. 3 (11100); on

coral dredged from 2 m., Sta. 7 (11250).

The specimens in these collections are vat- 44 Halymenia mamlata: Habit of a small plant,

iable in diameter. Those of 11250, particularly, x 0 .66 .
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Fig. 45. THanophora pulchra: Habit, X 1.

lets, constricted at their bases, are character'

istic. The texture is much firmer than that of

G. filicina.

Halymenia dilatata Zanardini 1851: 35

(Massaua, Red Sea); Okamura 1921, leones

4: 109, pis. 176, 177, figs. 3, 4

Fig. 43

LOCAL DISTRIBUTION: On rocks and coral

in 2-4 m., Sta. 2 (11440).

Although I have been unable to compare

with the type or other material from the In-

dian Ocean region, my specimens agree quite

fully with this species as interpreted by Oka-

mura. His specimens came from sublittoral

habitats in the Ryukyu Islands and southern

Japan.

Halymenia maculata J. Agardh 1885: 12

(Mauritius); B0rgesen 1950: 9, figs. 2, 3

Fig. 44

LOCAL DISTRIBUTION: Frequent on coral in

2-3 m., Sta. 2 (11441).

B0rgesen’s figures show close morpholo-

gical and anatomical agreement with my spec-

imens, even as to the peculiar, much-elongated,

papilla-like outer cortical cells. The occur-

rence of this species in Viet Nam is notable

inasmuch as it has been presumed to be en-

demic in Mauritius.

Titanophora pulchra sp. nov.

Figs. 45, 46^, h

Thallo 6-9 cm. alto, lubrico, leviter calci-
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ficato, complanato, subflabellato, undulato,

ope disci parvi adnexo; ramificatione fere

baud regulariter palmato flabellatoque, divi-

sionibus ultimis brevidactyloidiis, minus

quam 1 mm. lads, at parte kminarum in-

feriori baud regulariter divisa 1.5-2 cm. lata;

superficie multa excrescentia bumilia, sub-

acuta babente; crassitudine de 2 mm. infra

ad 250 II supra; cortice e filamentis brevibus,

dicbotomis cellularum rotundarum in strato

exterior! cellularum anticlinaliter elongatarum

7-10 fjL longarum, 2.5-3 m latarum terminante.

Tballus forming a ruffled clump 6-9 cm.

bigb, pink in color, lubricous, lightly calcified

throughout the inner region, complanate,

subflabellate but not plane, attached by a

small disc, expanding abruptly from a short

stipe about 1.5-2 mm. long; branching pri-

marily irregularly palmate-flabellate, the ul-

timate divisions short-dactyloid and less than

1 mm. wide, but the lower, irregularly divided

portion of blades 1.5-2 cm. wide; surface of

mature plants provided with numerous low,

subacute excrescences, some of which become

short, coarse, simple or palmately lobed

branchlets; thickness variable from over 2

mm. below to 250-300 m in upper parts;

transection showing a broad, loose, filament-

ous medulla and a thin, dense cortex of short,

3-4 times dichotomous filaments of rotund

cells 7-12 ju in diameter ending in the outer

cortical tier of anticlinally elongated cells 7-10

H long, 2.5-3 M wide; gland cells not apparent;

gonimoblast characteristic of the genus; an-

theridia borne on carposporic plants, pro-

duced solitarily on simple or irregularly

branched, anticlinal cortical cells, about 2 ju

in diameter; tetrasporangia unknown.

type: Holotype is Dawson 11444, Mar. 17,

1953, in the U. S. National Herbarium.

Type Locality: On coral fragments in 2-3

m., Sta. 2.

In his recent treatment of this genus, B0r-

gesen (1949) recognizes five species, T.ptkeana

from Mauritius and Ceylon, T. incrustans from

Florida, T. weberi from Indonesia, T, mauri-

tlanum from Mauritius, and T. calcareum from

Ponape. In habit my plants approach T. weberi

most closely, but show a more flabellate and
ruffled form with more shortly digitate ul-

timate segments. Structurally they disagree

with that species in the presence of the outer

cortical tier of elongate free cells and in the

apparent lack of yellow gland cells. The pres-

ence of antheridia on a carposporic plant is

notable, and it may be pointed out here that

in none of these several species have tetras-

porangia been reported. Furthermore, the cal-

cified condition and the involucral branches

surrounding the gonimoblast, arising from

the auxiliary cell, appear to be unique in

Titamphora among the genera of the Nema-
stomaceae (Feldmann 1942^^: 112). A study of

the life cycle in this genus seems to be called

for to confirm or deny its assignment to the

Nemastomaceae.

Key to the Species of Hypnea

1 . Thalli mainly erect and free, not repent or

turf-like . 2

Thalli mainly repent, forming a loose or

compact turf; sometimes semi-erect in H,

esperi, but only to 3 cm. high. ....... .4

2. Branches bearing small, stellate, spinous

processes ................ ,H. cornuta

Branches bearing simple or branched, but

not stellate, branchlets ............... 3

3. Ultimate lateral branchlets exceedingly

abundant, dense, short, often bifurcate. .

...................... H. boergesenii

Ultimate lateral branchlets not dense or

crowded, mostly long, slender, not bifur-

cate H, valentiae

4. Plants small, the branches 250-500 ii in

diameter . H. esperi

Plants larger, the branches 700-2,500 /x

in diameter . 5

5. Plants loosely matted; tetrasporangial sori

encircling small branchlets .

H. cervicornis
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Fig. 46. a, b, Titanophora pulchra: a, Transectional diagram of a part of a sterile cortex, X 400; b, antheridial

filaments from the cortex, X 700. c, Hypnea cornuta: Part of an axis bearing several stellate processes, X 8. d,

Hypnea cervkornis: Habit of a small part of a matted plant showing shell fragments attached by small discs, X 3.

e-g, Hypnea mdulans: e. Part of a vegetative thallus, X 'i\ f, tetrasporangial branchlet with its saddle-shaped

nemathecium, X 10; g, a small, terminal portion of a cystocarpic thallus, X 7. h-j, Hypnea esperi: h, Part of an

axis of 11402 bearing tetrasporangial branchlets, X 21; /, a small part of a plant of 11349 showing the small

attachment discs, X 11.5;/, tetrasporangial branchlets, X 35. k, Hypnea boergesenn: A relatively young part of an

axis showing the short branchlets which become denser in older parts, X 10. /, Hypnea valentiae: Part of an axis

showing the slender ultimate branchlets, X 8.
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Plants densely matted, coarse; tetraspor-

angial sori unilateral, saddle-shaped

H. nidulans

Hypnea cornuta Lamouroux, ex J. Agardh

1852: 449 (Tropical Atlantic America); Ta-

naka 1941: 242, fig. 14A-E

Fig. 46c

LOCAL distribution: Sta. 4 (11189, 11428);

drift, Sta. 3 (11092).

Fig. 47. Hypnea valentiae: Habit, X 1.35.
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This is the Chondrocloniutn cornutum Lamx.

listed by von Martens (1866) from the south

China Sea.

Hypnea boergesenii Tanaka 1941: 233, pi.

53, fig. 1, text figs. 6-8 (Formosa)

Fig. A6k

LOCAL DISTRIBUTION: In drift, Sta. 10

(11336).

These specimens agree well with this spe-

cies, except that the percurrent axes are not

so prominent, and the tips show some divari-

cateness of the ultimate branchlets. The plants

are about the same size as the type and show

the exceedingly dense development of short

lateral branchlets over the entire thallus.

Hypnea valentiae (Turn.) Montagne 1840^:

161; B0rgesen 1934: 17. Fucus valentiae

Turner 1809, ph 78 (Red Sea). Hypnea char-

o/Vo Lamouroux 1813: 44, pi. 10, figs. 1-3;

Kiitzing, Tab. Phyc. 18, pi. 22

Figs. 46/, 47

LOCAL DISTRIBUTION: In drift, Sta. 3

(11092a); abundant, Sta. 4 (11429).

This species is characterized by the long,

slender, lateral ramuli. My material is net

fertile, but it agrees with the figures cited

above. B0rgesen (1937) follows Hauck (1887)

in considering H. charoides a variant under

H. valentiae,

Hypnea esperi Bory 1829: 157 (type locality

uncertain); B0rgesen 1920: 306, fig. 48;

Kiitzing, Tab. Phyc. 18, pi. 26a-c; Dawson

1944: 292
;
Tanaka 1941 : 243, fig. 15a-d

Fig. 46/?-/

LOCAL DISTRIBUTION: Growing in small,

loose tufts to 3 cm. high on sandy mud flats

adjoining Sta. 12 (11402); forming a loose

turf 1.0-1. 5 cm. high, lightly attached to

gravel, Sta. 10 (11349).

The small size and slender branches dis-

tinguish this species among the Nha Trang

hypneas.
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i
Fig. 48. a, Carpopeltis formosana: A portion of a regenerating plant, X 1.5. b, Gracilaria crassa: A mature cysto-

!. carpic branch, X 2. c, Ceratodictyon spongiosum: A small part of a ramified clump, X l.d, Gracilaria sp.: Habit, X 2.

^
e, Gracilaria eucheumoides: Part of a plant extracted from crevices in coral, showing several attachment discs on the

[
fleshy segments, XI.

Two Other collections are referred here with

some question: 11380 from the back of a

decorator crab, and 11076 from rocks at the

edge of Cau Da wharf. These are alike and

tetrasporic, but are low and different in habit

from the usual forms of Hypnea esperi. They

are similar in habit to Caulacanthus ustilatus

Kiitz., but differ in structure. They seem to

be like the plants B0rgesen figured (1924,

figs. 27, 28) as Caulacanthus spinellus, but later

(1950) called "a small Hypnea species.”

Hypnea cervicornis J. Agardh 1852: 451

(based on material from Brazil, West Indies,

Mexico, and Mauritius); Okamura 1916,

leones 4, pi. T59, figs. 6-9, pi. 160, figs.

1-5; Tanaka 1941: 240, text fig. 13; Taylor

1942: 104; Tseng 1936^: 45, pi. 5, fig. 24

Fig. A6d

LOCAL DISTRIBUTION: Forming a loose, in-

tricate mass, on gravel and shell fragments

in intertidal pools, Sta. 9 (11115, 11316); on
rocks, Sta. 6 (11448).
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My specimens are smaller and more de-

cumbent than the Japanese plants illustrated

by Okamura and by Tanaka, but they agree

very well with Caribbean specimens reported

by Taylor. The frequent habit of growing in

loosely matted fashion on coarse sand, gravel,

and shell fragments in somewhat protected

places has been noted by most authors. Her-

barium specimens usually have many bits of

such material adhering to them.

Hypnea nidulans Setchell 1924: 161 (Sa-

moa); Tanaka 1941: 246, figs. 18-19

Fig. 46^-g

LOCAL distribution: Forming dense, pub

vinate clumps on coral dredged from 2-3 m.,

Sta. 2 (11422, 11445); on coral rocks, Sta. 1

(11136).

These are in excellent agreement with Ta-

naka’s illustrations of this quite clearly de-

fined species.

Carpopeltis formosana Okamura 1931:110,

pi. 12, figs. 1-7 (Formosa)

Fig. 48^

LOCAL DISTRIBUTION: Cua Be, Aug. 28,

1949 (coll. R. Serene).

The specimens are somewhat poorly and

irregularly developed due to regeneration after

grazing. However, in habit, size, and struc-

ture they are in good agreement with the

Formosan species.

Ceratodictyon spongiosum Zanardinil878:

36
,
No. 8 (Papua); Okamura 1909, leones

2, pis. 51, 52

Fig. 48c

LOCAL DISTRIBUTION: Common, forming

dark-greenish to purplish, branched, anasto-

mosing masses on rocks and coral, Sta. 1

(11112 ).

This red alga, living in apparent symbiotic

relationship with a sponge, and assuming,

with its symbiont, the form of a sponge, has

been extensively illustrated by Okamura,

Gracilaria crassa Harvey, ex J. Agardh

1876: 417 (Ceylon); Bprgesen 1936: 86,

fig. 8; B0rgesen 1952: 33. Corallopsis opuntia

J. Agardh 1876: 409; Okamura 1933, leones

7, pL 308, figs. 6-11

Fig. 48^

LOCAL DISTRIBUTION: Sta. 2 (11081); Sta.

4 (11187).

Transections of cystocarpic thalli of this

plant have been studied and found to agree

with the genus Gracilaria in every respect.

The characteristic nutritive filaments running

out from the gonimoblast to the pericarp are

present and conspicuous (Dawson 1949).

This fleshy, turgid plant in its younger

stages grows in a contorted, creeping fashion,

ramifying and attaching itself in numerous

places to crevices in old coral or rocks. In this

stage it is without regular constrictions. The
constrictions develop as the plant matures,

and these become more pronounced and the

segments more elongated as the free branches

become longer and more pendant. It is col-

lected for food in the vicinity of Truong

Dong.

Gracilaria eucheumoides Harvey 1859: 331

(Ousima, Ryukyu Islands)

Fig. 48^

LOCAL DISTRIBUTION: Scarce, creeping in

crevices of coral in 1-2 m., Sta. 7 (11251).

Only a few sterile examples of this plant

were found. It is considered an edible species

in the area but does not occur abundantly

enough to be specially collected.

Gracilaria verrucosa (Huds.) Papenfuss

1950: 195 . Fucus verrucosus Hudson 1762:

470 (England). Gracilaria confervoides (L.)

Grev., as employed by Dawson 1949: 13,

pl. 15, fig. 9
49

LOCAL DISTRIBUTION: Sta. 4 (11216, 11424);

dredged from 2-4 m., Sta. 2 (11299).

The several collections cited are unmistak-
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ably of the genus Gracilaria, for each has

cystocarpic examples showing the distinctive

nutritive filaments running from gonimoblast

to pericarp. In 11424, antheridial examples

are present among cystocarpic individuals and

exhibit the conceptacular cavities character-

istic of this species. However, it was discon-

certing at first to find that intermixed among
specimens under 11216 were some cystocarpic

plants which proved to be of the genus Graci-

lariopsis when sectioned (see below). These

lack the nutritive filaments and have a goni-

moblast of small cells with the sporangia in

chains as shown by Dawson (1949, pi. 15,

fig. 10) for Gracilariopsis

.

Superficially they

could not be distinguished from specimens of

Gracilaria verrucosa. Under 11090 other Graci-

lariopsis specimens were recognized by their

cystocarps, but in that collection no Gracilaria

specimens were found, nor was antheridial

material present.

It is clear that in Cua Be, as in some local-

ities in Mexico, species of Gracilariopsis and

Gracilaria may intermingle in the same habitat

and be quite indistinguishable macroscopic-

ally.

Gracilaria sp.

Fig. 48<a^

The present material collected by Mr. Ser-

ene at Cii Lao, May 4, 1950, is sterile and

seems to be young. The most striking features

of the plant are the contorted, dichotomous

segments which are here and there attached

to each other by accessory discs. In some
respects the plant seems to approach Graci-

laria corticata], Ag. or G. lingula], Ag., but

is surely neither of these and is probably

undescribed. Better developed and fertile ma-

terial is needed.

Gracilariopsis rhodotricha Dawson, prox.

Dawson 1949: 47, pi. 19, figs. 3-7 (Revil-

lagigedo Archipelago, Mexico)

see Fig. 49 for habit

LOCAL DISTRIBUTION: In drift, Sta. 3

Fig. 49. Gracilaria verrucosa: Habit, X 1.

(11090); growing with Gracilaria verrucosa^

Sta. 4 (11216a).

Inasmuch as no antheridial material was

found which could positively be identified

with the cystocarpic examples, this determin-

ation must remain open to question. It will

be necessary to secure antheridial and cysto-

carpic material from colonies apart from those
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Fig. 50. Gracilariopsis sp.\ Habit, X 1.1.

of Gracilaria verrucosa in order to be sure that

the male plants are of Gracilariopsis rather than

of Gracilaria.

Gracilariopsis sp.

Fig. 50

A second species of Gracilariopsis is recog-

nized by a cystocarpic example among speci-

mens from Sta. 4 (11194, 11217). This species

is of different habit from Gracilaria verrucosa

and Gracilariopsis rhodotricha, but in the ab-

sence of antheridial material it cannot here

be identified.

Key to the Species of Gymnogongrus

1.

Thalli under 2 cm. tall G. pygmaeus

PACIFIC SCIENCE, Vol. VIII, October, 1954

Thalli 4-9 cm. tall .2
2.

Segments flat 3

Segments compressed above, terete below

G. japonicus

3.

Branching divaricate, flabellate

G. flabelliformis

Branching rather remote, strict . G. serenei

Gymnogongrus flabelliformis Harvey 1856

:

332 (Japan Sea); Okamura 1921, leones 4,

pi. 181, figs. 7-9, pi. 182, figs. 9-14; Tseng

1936^/47 ;

Fig. 51^, b

LOCAL DISTRIBUTION: Forming dense col-

onies on the sea wall, Sta. 6 (11234, 11453a).

My plants are virtually identical with some
southern Japanese examples of this species in

size, branching, and vegetative structure. The
Nha Trang specimens lack the secondary pro-

liferous pinnae such as are illustrated by

Okamura, but this feature is not always pres-

ent in Japanese plants. The only difference

which may be specifically significant is in the

form of the cystocarp. In Japanese plants

examined, the cystocarp ‘is embedded in the

middle of the thallus and forms a bulge of

about equal size on either side. In the Viet

Nam specimens the cystocarps are unilateral,

the bulge being much more prominent on

one side than on the other. Tseng speaks of

this species as "rather variable," and in view

of its wide known range from Hokkaido and

Korea to Amoy, China, it seems best to as-

sign these specimens here, despite this dif-

ference, awaiting the opportunity for com-

parison of additional series of plants from the

southern part of the range.

Gymnogongrus pygmaeus J. Agardh 1851:

317 (India); Kiitzing, Tab. Phyc. 19, pk

64; Bprgesen 1936: 88

Fig. 51c

LOCAL DISTRIBUTION: Forming dense col-



Marine Plants of Nha Trang— Dawson 441

Fig. 51. a, b, Gymnogongrus fiahelliformh: a. Habit of a vegetative plant, X 1; part of a cystocarpic plant,

X 1. r, Gymnogongrus pygmaeus: Habit, X 2.4.

onies to 2 cm. high on rock surfaces, Sta. 6

(11229).

Although I have not seen any authentic

material of this species, my plants agree well

with Agardh’s description and with Kiitzing’s

illustration of the type, except for being some-

what smaller throughout.

Gymnogongrus japonicus Suringar 1870:

36, pi. 24A 1-4 (Kyushu, Japan)

Fig. 52^

LOCAL DISTRIBUTION: Young cystocarpic

plants forming a dense clump about 18 mm.
high on the sea wall, Sta. 6 (11228, Feb. 2);

older plants to 5 cm. high and more loosely

branched (11453, Mar. 18).

The older plants of these collections agree

well with Suringar’s illustrations of habit and

structure, although the medullary cells of his

plants are shown to be somewhat larger than

ofmine. The dichotomous branching, narrow,

compressed segments, blunt apices, and

thickened, terete basal segments are dis-

tinctive.

Gymnogongrus serenei sp. nov.

Fig. 52d

Thallis ad 4 cm. aids, e pluribus laminis

erectis, semirigidis, planis, subsimplicibus ad

dichotomose ramificatis, ligulatis, hand stipi-

tatis, e disco parvo; laminis 1.0-2. 5 mm. lads,

300-400 ju crassis, baud frequenter ramificatis,

plerumque intervallis 1 cm. plusve. anguste

angulatis; marginibus integris; apicibus ob-

tusis; antheridiis superficialibus in soris elon-

gatis; cystocarpiis superficialibus, circiter 800

IJL diametro, hemisphaericalibus.

Thalli to 4 cm. tall, consisting of several
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Fig. 52. Gymnogongrus japonicus: Habit of part of a young cystocarpic plant, X 2.5. h, Gigartina intermedia:

Habit of a young plant showing formation of accessory attachment discs from tips of arching branches, X 5.

c, Champia parvula: A small upper part of a plant, X 10. d, Gymnogongrus serenei: Habit of an antheridial plant of

the type collection, X 1.5. e, Champia vieillardii: Habit, X 3. /, Catenella nipae: A portion of a plant dissected

away from the mangrove root and seen from the upper surface, X 3.

erect, semi-rigid, flat, subsimple to dichotom-

ously branched, ligulate, non-stipitate blades

from a small, discoid attachment; blades 1.0-

2.5 mm. broad, 300-400 n thick, infrequently

branched, mostly at intervals of 1 cm. or more
and with narrow angles; margins entire; tips

blunt; structure consisting of a medulla of

rotund, thick-walled cells 30-50 yu in diameter,

elliptical in longisection and with many inter-

cellular connections, abruptly grading into a

cortex of anticlinal rows of three or more

small, elliptical cells about 4.5 ijl in diameter;

antheridia borne superficially in elongate sori

on the surface of the blades; cystocarps borne

on the surface of the blades, 800 yu in diameter

or more, very prominent, hemispherical, some-

times causing a bulge on the opposite side

of the blade; tetrasporangia not seen.

type: Holotype is Dawson 11268, Feb. 6,

1953, in the U. S, National Herbarium.

Type Locality: Occasional at middle levels,

Sta. 8.
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This species is apparently most closely re-

lated to Gymmgongrus tenuis J. Ag. of the

Caribbean, with which it agrees in size, flat-

ness of frond, in transectional structure, prom-

inent cystocarps and superficial antheridia. It

seems to occupy a similar habitat on exposed,

surf-beaten rocks. It differs in its remotely

branched, often subsimple, ligulate blades

(compare B0rgesen 1919: 357, fig. 352) and

its very prominent, hemispherical rather than

flattened cystocarps.

Since the above was written this species has

been found in the flora of Isla San Benedicto

in the Revillagigedo Archipelago on the east

side of the Pacific Ocean (Dawson 12058,

Nov. 17, 1953).

Gigartina intermedia Suringar 1870: 30, pi.

17B (Nagasaki, Japan); Okamura 1908,

leones 1, pi. 35, figs. 1-5; Tseng 1936^: 49

Fig. 52^

LOCAL DISTRIBUTION: Forming low, pul-

vinate masses to 0.8-1.0 cm. high, Sta. 8

(11267).

Although my plants are sterile, they agree

well in habit and structure with this species

known hitherto fromJapan and Amoy, China.

Catenella nipae Zanardini 1872: 143, pi. 6,

fig. Al-7 (Borneo); Tseng 1942^: 143, fig. 2

Fig. 52/

LOCAL DISTRIBUTION: Creeping, closely at-

tached and overlapping on roots of man-
groves, Sta. 12 (11391).

Champia parvula (Ag.) Harvey 1853: 76.

Chondria parvula C. Agardh 1824: 207

(Cadiz, Spain)

Fig. 52c

LOCAL DISTRIBUTION: Small clumps about

1 cm. high, Sta. 8 (11260).

Champia vieillardii Kiitzing 1866, Tab.

Phyc. 16, p. 14, pL 37e, f (New Caledonia)

Figs. 52c, 53

443

Fig. 53. Champia vieillardii: Habit, as reproduced

from Kiitzing’s Tabulae Phycologicae.

LOCAL DISTRIBUTION: Attached to coral

fragments in shallow water, Sta. 13 (11436).

Although this name was reduced by De
Toni (1900: 561) under Champia compressa

Harv., the present material strongly suggests

that this action was in error. Kiitzing’s figure

37e shows a tripinnate plant of apparently

semi-prostrate habit with abundant, short, ul-

timate pinnules. In these characters as well as

in size and aspect my plants are identical with

his. Champia compressa differs in its more 'erect

habit, less strongly compressed thallus, more

remote and longer ultimate branches (see

Harvey 1847, pi. 30). My plants also show

features which were only partially indicated by

Kiitzing, namely, the slender, subterete char-

acter of some of the longer of the ultimate

branches as well as basal ones, and their

service in attachment by growing down to the

substrate or to other portions of the plant and

forming small adherent discs.

Antithamnion sp.

Fig. 54c, d

LOCAL DISTRIBUTION: Forming a fine pink-
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ish pile 3-4 mm. high on the surface of coral

dredged from 2-3 m., Sta. 2 (11366).

This material is quite clearly of an un-

described species apparently nearly related to

Antithamnion antillanum B0rgesen (1917)

which Nasr (1941) considers a variety of A.

Iherminieri (Cr.) Born. Unfortunately my ma-

terial was rather badly preserved and does not

remain in suitable condition for description

and deposition of a type. However, it is here

illustrated and briefly characterized for the

aid of future collectors.

Like A. antillanum, this plant has creeping,

verticillately branched, main filaments, part of

the branches becoming transformed into rhiz-

oids while others become erect and in turn

alternately branched. The basal cells of the

branches from the primary axes are usually

much shorter than the others, as in A. an-

tillanum, but no gland cells have been ob-

served. The tetrasporangia and capitate an-

theridial clusters are pedicellate as shown in

the figures. The cystocarps consist of a gon-

imoblast cluster surrounded by a dense in-

volucre of incurved branchlets about 500 /i,

long, somewhat as in Mesothamnion (B0rgesen

1917: 214, fig. 200).

Mesothamnion caribaeum B0rgesen 1917:

208, figs. 194-200 (Virgin Islands)

Fig. 54^, b

LOCAL DISTRIBUTION: Forming small, dense,

rounded tufts to 1 cm. high among other

small algae at low levels, Sta. 8 (11262).

It was surprising to find this Nha Trang

material to be in such close accord with B0r-

gesen’s account as to be referable with con-

fidence to this West Indian species. Although

my plants are somewhat smaller throughout

than the type, they agree closely in habit,

proportions, rhizoidal attachment, branching,

and in tetrasporangial and antheridial char-

acters. The antheridial structures are particu-

larly striking. Cystocarps were not found.

Callithamnion sp..^

Fig. 54^, ]

Mixed with other minute algae growing on
bits of debris dredged from 2-4 m. off Cau
Da were a few small examples about 1 cm.

high of what appears to be a species of Cal-

lithamnion (11295). They consist of a per-

current axis about 70 in diameter bearing

very slender branches in a spiral arrangement.

Reproductive organs suggesting large spher-

ical monospores occur, each surrounded by a

group of loosely encircling filaments. These

spherical structures have dense, coarsely gran-

ular contents and reach 150 ju in diameter.

The present material is too scant for further

elucidation.

Wrangelia argus (Mont.) Montagne 1856:

444; B0rgesen 1916: 116, figs. 125-126;

Weber van Bosse 1921: 220. Griffithsia argus

Montagne 1840^: 176, pi. 8, fig. 4 (Canary

Islands)
5^^

LOCAL DISTRIBUTION: Forming soft, carpet-

like patches on rocks at about -f 1 foot level,

Sta. 1 (11084, 11113); Sta. 4 (11159).

These small plants, mostly about 1 cm.

high, are characteristic of this species which

is now known from the tropical Atlantic,

Pacific, and Indian oceans.

Antheridia appear on some of the spec-

imens. They are in spherical, capitate clusters

in the same position and of about the same

size as the tetrasporangia.

Spyridia filamentosa (Wulf.) Harvey, in

Hooker 1833: 337; Taylor 1928: 197, pi.

28, figs. 14-18. Fums filamentosus Wulfen

1803: 63 (Europe)

Fig. 54/

LOCAL DISTRIBUTION: Growing on shells

and debris as soft, loose clumps 10-13 cm.

high, Sta. 4, 5 (11107, 11192).

The determinate branchlets are tipped with

a single spine.
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Fig. 54. a, b. Mesothamnion caribaeum: a, Upper portion of a tetrasporangial branch, X 75; a small part of a

male branch bearing two pedicellate antheridial clusters, X 226. c, d, Antithamnion sp.: c, Part of an erect, alter-

nately branched secondary axis bearing tetrasporangia, X l^\d, an antheridial branchlet, X 171. e,f, Callithamnion

sp.: e. Upper portion of a percurrent axis with spirally arranged branchlets, X sporangial structure, X 93.

g, Wrangelia argus: A small part of a fertile axis showing the lateral branchlets and tetrasporangia, X 96. h, Cen-

troceras clavulatum: A small part of a filament showing the arrangement of the cortical cells and the ring of spines

at the nodes, X 150. /, Spyridia filamentosa: A small part of a main axis showing the cortication and the base of

two determinate branchlets, X 80.
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Centroceras clavulatum (Ag.) Montagne,

in Durieu 1846: 140. Ceramium clavulatum

C. Agardh, in Kunth 1822: 2 (Peru)

Fig. 54Z>

LOCAL DISTRIBUTION: Common in various

situations, epiphytic or saxicolous. Most fre-

quently found as a component of low algal

turfs on rocks. The example figured is a rather

lax form from drift, Sta. 3 (11101).

Key to the Species of Ceramium

1. Cortication continuous except in young
parts, the cells arranged in longitudinal

rows C. huysmansii

Cortication + — discontinuous, banded,

except sometimes in old parts, the cells

not in longitudinal rows 2

2. Cortical bands provided with verticils of

bulbous hairs C. fimbriatum

Cortical bands without bulbous hairs . . 3

3. Tetrasporangia radially arranged 4

Terrasporangia unilaterally arranged .... 6

4. Cortical bands divided by a transverse line;

tetrasporangial nodes + — catenate ....

C. taylorii

Cortical bands not divided by a transverse

line; tetrasporangia not causing much
catenate development of nodes 5

5. Internodes long; filaments very slender,

partly repent C. procumbens, prox.

Internodes very short; filaments rather

coarse, erect C. maryae

6. Tetrasporangia free, not involucrate

C. clarionense

Tetrasporangia immersed, involucrate. .7

7. Cortical band of small, angular cells

throughout C. mazatlanense

Cortical band divided, the lower third of

transversely elongated cells

C. gracillimum var. byssoideum

Ceramium fimbriatum Setchell and Gardner

1924: 777, pi. 26, figs. 43, 44 (Gulf of

California)
Fig. 55^

LOCAL DISTRIBUTION: Growing as a minute

epiphyte on Halophila, Sta. 4 (11173).

Ceramium taylorii Dawson 1950^: 127, pi.

2, fig. 13, pi. 4, figs. 31-33 (Baja California,

Eg. 55i, .

LOCAL DISTRIBUTION: Epiphytic and saxi-

colous, forming dense tufts 1.0-1. 5 cm. high,

Sta. 8 (11256, 11258).

The obscure Ceramium loureiri Agardh

(1824: 137) from marine rocks of Cochin

China is possibly referable here, but it is

impossible to recognize it from the meager

description.

Ceramium huysmansii Weber van Bosse

1923: 322, fig. 115a, b (Indonesia). Cera-

miella huysmansii (W. v B.) Bprgesen 1953:

47, figs. 18, 19

Fig. 55^

LOCAL distribution: Creeping on dead

coral fragments, Sta. 7 (11245).

The present material is somewhat more

slender and more branched than that de-

scribed and illustrated by Weber van Bosse,

but has the characteristic cortication, habit,

and simple tips of her species. The tetraspor-

angia are embedded beneath the cortex, and

in the development of these the thallus be-

comes constricted in a somewhat catenate

manner.

Bprgesen has recently proposed the new

genus Ceramiella for this species and suggested

that other species such as C. maryae may
belong in it. He quotes, however, from a

letter by Mme. Genevieve Feldmann who
considers the plant a species of Centroceras.

I prefer here to retain both C. huysmansii and

C. maryae in Ceramium pending further study

of this problem.
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Fig. 55. Ceramium fimbriatum: Part of a filament showing the whorled, involucrate tetrasporangia and the

thick, rounded hairs, X 230. b, c, Ceramium taylorii: b. Part of a fertile filament showing the whorled, involucrate

tetrasporangia, X 200; c, a sterile node showing the division of the cortical band, X 200. d, Ceramium huysmansii:

A small part of a tetrasporangial axis with a sterile lateral branch, X 150. ^,/, Ceramium gracillimum var. byssoideum:

e^ Part of a filament of a coarser form (11378), X 200; /, part of a filament of a slender form (11192a), X 328.

g-j, Ceramium mazatlanense: g, A sterile lower node of 11102a, X 268; h, upper portion of an antheridial plant,

X 95; /, an older, lower node of an antheridial plant, X 126;/, part of a tetrasporangial filament of 11082, X 150.

k, Ceramium clarionense: Profile of an upper part of a tetrasporangial plant showing circinate tips and emergent
sporangia (after Dawson, 1950), X 55.
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Ceramium gracillimum var. byssoideum

(Harv.) G. Mazoyer 1938: 323. Ceramium

byssoideum Harvey 1853: 218 (Key West,

Rg.53.,/

LOCAL DISTRIBUTION: Epiphytic, 2 mm.
high or less, on Amphiroa from 2-3 m., Sta.

2 (11378); epiphytic on Gracilaria, Sta. 4

(11192a).

Vegetatively the present material corres-

ponds well with Ceramium masonii Dawson

(1950^) of Pacific Mexico, but the strongly

projecting, involucrate tetrasporangia are sec-

und and adaxial as in C. gracillimum var. hys-

soideum which Feldmann-Mazoyer, in B^r-

gesen (1952), has reported from Mauritius.

Ceramium mazatlanense Dawson 1950^:

130, pi. 2, figs. 14, 15 (Mazatlan, Mexico)

Fig- 55g-y

LOCAL DISTRIBUTION: Tufted on rocks, Sta.

2 (11082); epiphytic on bits of Diplanthera

in drift, Sta. 3 (11102a); on old Amphiroa, Sta.

1 (11129a); among other small algae on rocks,

Sta. 11 (11405); Sta. 6 (11449).

The present specimens include all repro-

ductive phases and correspond closely (par-

ticularly tetrasporic examples) with the type

material of this species from Mexico. The
cortical bands tend to be slightly thicker in

some specimens than in the type, and the

cortical cells accordingly more numerous, but

the tetrasporic plants of 11405 are quite in-

distinguishable from the type. Although most

of the specimens are small, under 5 mm. high

like the type, those of 11449 are luxuriantly

developed, up to 2 cm. high.

This species may prove to be identical with

Ceramium cruciatum Collins & Hervey to which

it shows considerable resemblance except for

the elongated cortical cells.

Ceramium clarionense Setchell and Gard-

ner 1930: 170, pi. 7, figs. 25-27 (Revil-

lagigedo Archipelago); Dawson 1950^:

134, pL 4, fig. 29 . Ceramium aduncum Naka-
mura 1950: 158, fig. 3a-g

Fig. 53k

LOCAL DISTRIBUTION: Epiphytic on old

Liagora, Sta. 1 (11129).

Only a few small antheridial and tetrasporic

plants were found, up to 1 cm. tall, but they

show the strongly drcinate tips, the emergent

adaxial sporangia, and the deeply staining

exudation droplets characteristic of this spe-

cies. Nakamura has reported this plant from

Formosa and northward to Japan under the

name C. aduncum,

Ceramium procumbens Setchell and Gard-

ner, prox. Dawson 1950^: 128

Fig. 56c, d

LOCAL DISTRIBUTION: Epiphytic on the sur-

face of small algae taken from coral in 2-3

m., Sta. 2 (11373); creeping on small algae

in drift, Sta. 3 (11102).

The present rather scant material agrees in

size, creeping habit, and tetrasporangium pro-

duction with this Pacific Mexican plant, but

does not show the opposite branching usually

characteristic of Ceramium procumbens. Erect,

simple branches often arise, however, at the

nodes opposite the frequent rhizoids by which

the extensive, creeping, prostrate filaments

are attached. The identification should be

considered tentative until the branching of

more representative Asiatic specimens can be

examined and compared with that of eastern

Pacific plants.

Ceramium maryae Weber van Bosse 1923:

324, figs. 117, 118 (Kawasa, Paternoster

Islands, Indonesia)

Fig. 56g-/

LOCAL DISTRIBUTION: Epiphytic on larger

algae and mixed in tufts of Pterocladia, Sta. 6

(11227).

My plants agree well with Weber van

Bosse’s description in size, creeping habit of

the primary branches, rhizoidal attachment,

non-dichotomous branching, and immersed
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Fig. 56. a, Neomonospora pedicellata var. tenuis: Upper portion of a monosporangial filament, X 78. h, Ceramium

sp.: A portion of a prostrate filament of 11067 bearing an erect antheridial axis, X 70. c, Ceramium procumhens:

c. Part of a sterile filament of 11373, X 183; d, upper part of a tetrasporangial branch, X 92. e, Griffithsia tenuis:

Upper portion of a tetrasporangial filament, X 80. /, Dasyopsis pilosa: Lower portion of a branched pseudolateral

bearing antheridial clusters, X 91. g-i, Ceramium maryae: g, Upper portion of an immature cystocarpic plant,

X 11.5; a small part of a tetrasporangial branch, X 86; i, a small part of a young, sterile branch, X 86. y, Dasya
pedicellata: Habit, X 2.5. k, /, Griffithsia metcalfi: k. Part of a creeping plant of 11374, X 10; /, part of a young
plant of 11279a, X 20.
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tetrasporangia in stichidia-like, fully corticated

fertile branches. Unlike the type material,

these specimens have short internodes below,

rarely longer than half the diameter, and are

shorter and less lax throughout. These re-

ductions and other seemingly minor differ-

ences are presumed due to the greater aggita-

tion in the Nha Trang habitat compared to

Kawasa where the type grew on reef sand.

Cystocarpic examples are more erectly tufted

than tetrasporic ones,

Ceramium equisetoides Nakamura (1950: 15),

non C equisetoides Dawson (1944: 320), is

related here but is dichotomously branched

and has semiemergent tetrasporangia.

Ceramium sp.

Fig. 56^

A small Ceramium was found growing with

Gelidium pusillum in felted spots on shore

rocks at Sta. 1 (11067). It was attached by

multicellular rhizoids from a creeping, pros-

trate basal filament from which erect, curved

axes arose. All the plants seen were antheridi-

al. In habit and characters of nodal cortication

this plant agrees with Ceramium mauritianum

G. Feldmann, in B^rgesen (1952: 49, fig. 25

la-d, 25 Ila, b), and further examination of

it should be made with that species in mind.

Griffithsia tenuis C. Agardh 1828: 131

(Venice, Italy); Abbott 1946: 441, pi. 3,

LOCAL distribution: a few tetrasporic fil-

aments mixed with Centroceras, Sta. 9 (11319);

abundant with Champia parvula, dredged,

without other data (11138a).

The form, dimensions, and tetrasporangia

agree with this species as known from various

other warm-water localities in the Pacific.

Griffithsia metcalfii Tseng 1942^: 111, figs.

5-9 (Hainan, China)

Fig. 56/f, /

LOCAL DISTRIBUTION: Only a few filaments

were found, all sterile and apparently im-

mature, • creeping among other small algae

taken from coral heads dredged in 2-7 m.,

Sta. 2 (11279a, 11374).

The material under 11374 is better devel-

oped and seems to agree in vegetative char-

acters with G. metcalfii, especially with the

smaller celled variety suhsecundata, which is

described as of creeping habit with frequent

rhizoids. In view of the absence of repro-

ductive material this identification must be
considered tentative. The specimens show re-

semblance also to G. ovalis Harvey, as inter-

preted by Abbott (1946).

Neomonospora pedicellata var. tenius

Feldmann-Mazoyer 1939: 8, fig. 1 (Villa-

france, France). Monospora indica Bprgesen

1931: 12, fig. 8

Fig. 56^

LOCAL DISTRIBUTION: Entangled with other

filamentous algae growing on a coral rock

dredged from 5-7 m. depth off the north end
of lie de Tre (11279).

The present material, which consists of por-

tions of two thalli, agrees closely with Bpr-

gesen’s small Indian plant. The type of

Neomonospora pedicellata var. tenuis is much

Fig. 57. Dasyopsis pilosa: Habit, X 1.1.
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like both the Indian and the Viet Nam plants,

except that its monosporangia are sessile and

more elongated. J. Feldmann more recently

(1942^) has referred specimens from Banyuls,

France, to this variety but has noted that they

have pedicellate monosporangia as in the typi-

cal variety of the species. This would suggest

that the small Indian, Vietnamese, and Medi-

terranean plants are representative of one

variable species. B0rgesen, himself, expressed

doubt as to the distinctness of M, indica, and

I now venture to place it in synonymy.

Dasya pedicellata (Ag.) C. Agardh 1824:

211; Taylor 1937: 355, pi. 54, figs. 1-4.

Sphaerococcus pedicellatus C. Agardh 1822:

321 (Atlantic Europe)

Fig. 56/

LOCAL DISTRIBUTION: On a coral rock

dredged from 5-7 m. off the north end of

lie de Tre (11274).

Although these specimens are small, reach-

ing only about 2.5 cm. in hHght, they are

fully developed and fertile. Comparison with

liquid-preserved material ofD
.

pedicellata from

the Atlantic and from Pacific Mexico has er-

vealed no significant morphological differ-

ences. They seem to be in full agreement with

the illustrations given by Taylor (/.c.) and by

other authors.

Dasyopsis pilosa Weber van Bosse 1923:

377, fig. 137 (New Guinea)

Figs. 56/, 57

LOCAL distribution: a single clump about

3 cm. high found on a coral rock at — 0.5

foot tide level, Sta. 1 (11127).

The specimen is antheridial and agrees well

with Weber van Bosse’s illustration and de-

scription. The dichotomous branching, the

thick, cylindrical axes (to 2 mm. below), and

the long, slender pseudolaterals are distinctive.

Taenioma perpusillum (J.
Ag.) J. Agardh

1863: 1257; Tseng 1944c: 215, pi. 25; Oka-

mura 1930, leones 6, pi. 264, figs. 17-19.

451

pi. 265, figs. 5-9. Polysiphonia perpusilla J.

Agardh 1847: 16 (Pacific southern Mexico)

Fig. 58^

LOCAL DISTRIBUTION: Among other minute

algae, Sta. 2 (11082a).

Caloglossa adnata (Zanardini) De Toni

I9OO: 730. Delesseria adnata Zanardini 1872:

141, pi. 5, B, f 1-3 (Sarawak, Borneo)

Fig. 58/^

LOCAL DISTRIBUTION: Closely adherent on

roots of mangrove, Sta. 12 (11392).

Determination by Dr. Erica Post.

Hypoglossum attenuatum Gardner 1927:

104, pi. 20, fig. 3, pi. 35, 36 (Gulf of

California)
Fig. 58c

LOCAL DISTRIBUTION: A few small plants to

1.5 cm. long were found attached to bits of

Halimeda from depths of 2-3 m., Sta. 2

(11369).

These plants are antheridial. They agree in

habit and in the attenuation of the blades with

the type material so amply illustrated by

Gardner. They do not seem referable to the

much larger H. spathulatum Kiitz.

Lophosiphonia villum (J. Ag.) Setchell and

Gardner 1903: 329; Hollenberg 1942^: 535,

figs. 11-13. Polysiphonia vilhm J. Agardh

1363: 941 (Tropical America)

Fig- 58/, g

LOCAL DISTRIBUTION: Creeping on old cor-

al, Sta. 7 (11246).

The erect, quadrisiphonous filaments of

this plant reach somewhat over 3 mm. in

height.

Lophosiphonia obscura (Ag.) Falkenberg

1901: 500; B^rgesen I9I8: 294, figs. 292-

294. Hutchinsia obscura C. Agardh 1820: 108

(Adriatic Sea). Kiitzing, Tab. Phyc. 13, pi.

40a, b (as Polysiphonia obscura)

Fig. 58V, e
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LOCAL DISTRIBUTION: Forming a loose,

hairy covering to 2 cm. long on coral frag-

ments, Sta. 7 (11247). The erect filaments are

mostly unbranched.

My plants are referred here in sensu latiori

for, although the species is usually cited as

above, Howe (1920) has indicated that the

"apparent original” of Hutchinsia obscura C.

Agardh is equivalent to Lophosiphonia sub-

adunca Kutzing (1843). If this is confirmed

the Lophosiphonia obscura of recent authors

(with 11 to 18 pericentral cells) should have

another name which may be found either in

Conferva intertexta Roth or Polysiphonia repta-

bunda Suhr.

Herposiphonia insidiosa (Greville, ex J.

Ag.) Falkenberg 1901: 317; Tseng 1944^:

61; Okamura 1930, leones 6: 35, pi. 264,

figs. 10-16. Polysiphonia insidiosa]. Agardh

1863: 926 (Indonesia)

Fig. 58^, i

LOCAL DISTRIBUTION: Forming low tufts to

1 cm. high among other low algae, Sta. 6

(11222 ).

This species is semi-erect in habit and rel-

atively coarse, the determinate branchlets be-

ing to 70-80 fjL in diameter and the main axes

to 120 /X in diameter. The irregular disposition

of the indeterminate branchlets and the fre-

quent absence of branches from axis segments

are distinctive.

Herposiphonia tenella (Ag.) Ambronn
1880: 197, pi. 4, figs. 9, H, 13-16; B^r-

gesen 1918: 286, figs. 287-289 . Hutchinsia

tenella C. Agardh 1828: 105 (Mediterranean

Sea)
Fig. ^9a

LOCAL DISTRIBUTION: Creeping on Galax-

aura growing on intertidal coral rocks, Sta.

1 (11122 ).

Tolypiocladia glomerulata (Ag.) Schmitz,

in Schmitz and Hauptfleisch 1896-97: 441.

Falkenberg 1901: 177, pi. 21, figs. 27-29.

Hutchinsia glomerulata C. Agardh 1824: 158

(Australia, Baie de Chien Marin)

Fig. 59^, c

LOCAL DISTRIBUTION: Frequent on coral

rocks, Sta. 1 (11117); on rocks, shells or

debris, Sta. 4 (11156, 11427).

The material under 11117 and 11156 is

small, reaching a maximum of about 2 cm.

in length, while that under 11427, collected

later in the season, is in full development and

up to 6 cm. high. The four pericentral cells

and the short, branched, determinate laterals

are distinctive. The plant remains slender

throughout its life, and the lateral branchlets

do not anastomose.

Bostrychia radicans (Mont.) Montagne, in

Kutzing 1849: 839; Tseng 1943^: 168, pi.

1, figs. 1-3. Khodomela radicans Montagne
1840^: 198, pi. 5, fig. 3 (French Guiana)

Fig. 59^, ^

LOCAL DISTRIBUTION: Forming a low, loose

mat about 3-4 mm. thick on rocks Sta. 11

(11412).

Polysiphonia fragilis Suringar 1870: 37, pi.

25B, figs. 1-4 (Kyushu, Japan); Okamura

1929, leones 6, pi. 255

Fig. 60^, b

LOCAL DISTRIBUTION: Attached to a coral

rock dredged in 5-7 m. off the north end of

lie de Tre (11277).

The specimens at hand agree with the poor

illustrations of Suringar in size, in their five

pericentral cells, their inconspicuous tricho-

blasts, and rather short segments. They are

in fair agreement with the more ample illus-

trations of Okamura. Although they are some-

what smaller throughout and show some

minor morphological differences such as lack

of the connecting rhizoids and reduced di-

ameter of branch bases, they are in general

accord with this species as understood by

Okamura (1929) and seem better referred here

than elsewhere. Segi’s reasons (1951: 253) for
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Fig. 58. a, Taenioma perpusillum: A terminal branch showing the three apical hairs, X 141. b, Caloglossa adnata:

Part of a plant as seen from above, X 3.75. c, Hypoglossum attenuatum: Part of an antheridial blade showing second-

ary blades from the midrib and rhizoids, X 7. d, e, Lophosiphonia obscura: d, Part of a tetrasporangial filament, X 150;

e, part of a sterile filament showing maximum number of pericentral cells, X 170. /, g, Lophosiphonia villum: /,

Habit, X 36; g, part of a tetrasporangial filament, X 100. h, i, Herposiphonia insidiosa: h, Habit, X H; part of a

determinate branchlet, X 135.
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Fig. 59. a, Herposiphonia tenella: Part of a creeping axis, showing the determinate and indeterminate branches

and rhizoids, X 63. c, Tolypiocladia glomerulata: h, A terminal portion of an axis, X 24; c, a small portion of an

axis bearing one of the short, lateral branches with its acute ultimate segments and trichoblasts, X 80. d, e, Bos-

trychia radicans: d. Habit of a plant extracted from a mat, X 17; part of an erect branch showing the relation

between the central axial cells and the pericentral cells, X 105.

reducing P. fragilis Suring. under P. forcipata

Harv. are not clear to me.

Polysiphonia subtilissimaMontagne 1840^/

199 (French Guiana); Tseng 1944^: 70, pi.

1; Kiitzing, Tab. Phyc. 13, pi. 28a-e

Fig. 60c

LOCAL distribution: Forming dark, dense-

ly tufted colonies 1.0-1. 5 cm. high at Sta. 6

(11218).

These specimens are variable in that some
possess fairly abundant trichoblasts leaving

irregularly placed scar cells, while others have

few or no trichoblasts and scar cells. Such

plants as the latter agree well with P. sub-

tilissima as it is recognized by Tseng from

nearby Hong Kong. The slender proportions,

40 /X in diameter or less above, the long seg-

ments, 1.5-2 times as long as broad in mid-

parts, and the irregular or sparse development

of trichoblasts are distinctive.

Polysiphonia tongatensis Harvey, in Kiitz-

ing 1864, Tab. Phyc. 14, pi. 41 (Friendly

Islands). Polysiphonia snyderae Kylin (in-

valid) 1941: 35; Hollenberg 1942^: 784

Fig. God, e
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Fig. 60. a, b, Polysiphonia fragilis: a. Part of a tetrasporangial branch near its apex showing the arrangement of

the five pericentrals and a persistent trichoblast, X 108; a portion of a branch bearing four pericentrals showing
an uncommon instance of transformation to five pericentrals, X 91. c, Polysiphonia suhtilissima: Mid-portion of

a filament showing the sparse scar cells, one divided to initiate an exogenous branch, X 100. d, e, Polysiphonia

tongatensis: d. An upper part of a plant showing trichoblasts, scar cells, and branches, X 65 ;
a lower part of a

plant, X 65. /, Polysiphonia sp.: Apical portion of an axis of 11329 showing irregular arrangement of scar cells,

X 100. g, h, Polysiphonia coacta: g, Portion of a branch of 11310 near the tip, X 235; h, part of a branch of 11259

from a short distance below the tip, X 90.
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LOCAL DISTRIBUTION: Epiphytic, 1-2 cm.

tall, on Amphiroa, Sta. 1 (11131).

Inasmuch as the name Polysiphonia snyderae

is invalid for want of a Latin diagnosis, and

since Hollenberg states that specimens labeled

P. tongatensis from the Eriendly Islands, So-

ciety Islands, and Hawaii in the New York
Botanical Garden "are very close to if not

identical with P. snyderae^' it seems best to

refer the present specimens to the older name.

My plants, although rather small, are in

agreement with Kiitzing’s figure, which, how-

ever, lacks several important details such as

scar cells and the nature of the base.

The epiphytic habit, attachment by uni-

cellular rhizoids, the long segments, abundant

trichoblasts, regularly placed scar cells in one-

quarter divergence on each segment, and the

branches replacing trichoblasts are distinctive

characters.

Polysiphonia coacta Tseng 1944^: 71, pi.

2 (Hong Kong)
Fig. 60g, h

LOCAL DISTRIBUTION: Forming small tufted

colonies 6-10 mm. high, Sta. 1 (11077,

11310); Sta. 8 (11259).

These three collections represent a short,

saxicolous, quadrisiphonous species of small

diameter (50-150 \x) with segments mostly

shorter than broad, bearing scar cells in a

regular one-quarter divergence spiral, and pro-

ducing abundant connecting rhizoids. In all

these characters they agree with Tseng’s P.

coacta described from sand-covered intertidal

rocks at Hong Kong. The type is up to 2 cm.

tall.

A collection from Sta. 10 (11329) is similar

to the above specimens in size, habit, and

structure, but differs in the irregular arrange-

ment of the trichoblasts and scar cells, partly

at intervals of one segment and partly at two

(Fig. 60/). It probably represents a distinct,

undescribed species, but is referred here as a

close relative awaiting the more critical studies

of a monographer of Polysiphonia.

Acanthophora spicifera (Vahl) B0rgesen

1910: 201, figs. 18, 19. Fucus spiciferns Ydhl

1799: 44 (Virgin Islands)

Fig. 61^, b

LOCAL DISTRIBUTION: Loosely ramified, to

20 cm. long, on shells and rocks, Sta. 4

(11191) ;
in drift, Sta. 3 (11094) ;

on rocks, Sta.

10 (11344).

Key to the Species of Laurencia

1. Thalli prominently flattened

. L. parvipapillata

Thalli cylindrical to only slightly com-

pressed 2

2. Surface cells radially elongated, in transec-

tion arranged like a palisade 3

Surface cells not radially elongated or ar-

ranged like a palisade 4

3. Axes + — percurrent, densely covered

with short, turbinate branchlets

L. papillosa

Axes not percurrent; ultimate short branch-

lets not very dense, not turbinate

L. paniculata

4. Thalli very small or slender, the axes and

branches mostly 500 /x or less in diameter

6

Thalli not so small or slender, the axes

and branches mostly over 800 fx in di-

ameter 5

5. Axes + — percurrent

L. obtusa var. densa

Axes not percurrent . L. corymbosa, prox.

6. Thallus articulate here and there by an-

nular scars .L. articulata, prox.

Thallus not articulate 7

7. Thalli creeping on coral, loose. ........

L. pygmaea

Thalli erect, densely tufted or turf-like . . 8
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Fig. 61. a, h, Acanthophora spkifera: a, A branch of a lax form bearing a gall, X 4; a small portion of a more
densely branched form, X 5. c, d, Laurencia paniculata: c, Habit of part of a slender form (11200), X 4; d, habit

of part of a coarser form (11252), X 2. e, Laurencia hrachyclados, prox.: A small part of a tuft, X 4./, Laurencia

corymhosa, prox.: Habit of part of a plant of 11311, X 3. g, Laurencia parvipapillata: Habit, X 1.5. h, Laurencia

obtusa var. densa: Habit of part of a tuft, X 1.5. i, Laurencia papillosa: Part of a plant, X 1.5.
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8. Thalli short, about 1 cm. high, repeatedly

subdichotomously branched . . . L. tenera

Thalli to 2 cm. high, delicate, the axes +
— percurrent. . . .L. brachyclados, prox.

Laurencia parvipapillata Tseng 1943^: 204,

pi. 4 (Hong Kong)

Fig. 6lg

LOCAL DISTRIBUTION: Forming low, spread-

ing groups a few cm. in extent on rocks, Sta.

9 ( 11312 ).

The mammillate character of the epidermal

cells is distinctive.

Laurencia papillosa (Forsk.) Greville 1830:

lii; Yamada 1931: 190, pi. 1, figs, a, b.

Fucus papillosus Votskil 1775: 190 (Red Sea)

Fig. 61/

LOCAL DISTRIBUTION: Sta. 4 (11196).

Laurencia paniculata (Ag.) J. Agardh 1863:

753; Yamada 1931: 192, pi. 3, fig. a; Tseng

1943^: 191. Chondria obtusa var. paniculata

C. Agardh 1822: 343 (Adriatic Sea)

Fig. 6lc, d

LOCAL DISTRIBUTION: On rocks, Sta. 4

(11200); on coral in shallow water, Sta. 7

(11252); on rocks, Sta. 10 (11343).

In referring my specimens to this species,

I concur with Tseng as to the need of more
exact information about the Adriatic type of

L. panlctdata.

Laurencia obtusa var. densa Yamada 1931:

226, pi. 17, fig. c (Daibanratsu, Formosa)

Fig. (Ah

LOCAL DISTRIBUTION: Tufted, to 4 cm. high

on rocks, Sta. 8 (11270).

Although somewhat smaller throughout,

these specimens seem to be in agreement with

Yamada’s plant from nearby Formosa.

Laurencia corymbosa J. Agardh, prox.

Fig. 61/

LOCAL DISTRIBUTION: On rocks, Sta. 9

(11311). These specimens are dwarfish and

clearly not fully developed. They seem to

approach L. corymbosa most closely according

to Yamada’s key (1931).

Laurencia articulata Tseng, prox. Tseng

1943^: 195, pi. 2, figs. 3, 4 (Hong Kong)
Fig. (2h-j

LOCAL DISTRIBUTION: Minute, creeping on

coral rock dredged from 5-7 m. off north end

of lie de Tre (11282).

The supposedly characteristic annular scars

are frequent, and in habit my scant material

appears to agree with Tseng’s species. How-
ever, my plants are sexual whereas his were

tetrasporic. More collections and further com-

parisons are needed.

Laurencia pygmaea Weber van Bosse 1913^:

122, pi. 12, fig. 6 (Chagos Archipelago)

Fig. (Flk

LOCAL DISTRIBUTION: Creeping on coral

fragments from drift, Sta. 2 (11361a).

I have found only a few sterile plants, but

they are in good agreement with the de-

scription by Mrs. Weber.

Laurencia tenera Tseng 1943;^: 200, pi. 1,

fig. 6, pi. 2, figs. 5, 6 (Hong Kong)
Fig. (2b, c

LOCAL DISTRIBUTION: Forming a low, dense,

turf-like mass about 1 cm. high, Sta. 8

(11257).

These small plants appear to agree with

Tseng’s L. tenera described from a similar

habitat at Hong Kong. Cystocarps were not

reported by Tseng. The branches bearing

them are considerably smaller in diameter

than are tetrasporangial branches.

Laurencia brachyclados Pilger, prox. Ya-

mada 1931: 216; Pilger 1920: 6, figs. 9, 10

(Annobon Island, Gulf of Guinea)

Fig. (\e
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Fig. 62. a, Chondria haileyana: Middle portion of a tetrasporangial plant, X 12 . b, c, Laurencia tenera: b, Part

of a cystocarpic thallus, X 19.5; c, upper portion of a thallus bearing immature tetrasporangia, X 9.5. d,e, Chondria

repens: d. Habit, X 2.75; e, apex of an erect branch, X 135./, g, Chondria dangeardii: f. Habit of a sterile plant,

X 3; g, apex of a branch, X 30. h-j, Laurencia articulata, prox.: h, A terminal portion of an antheridial plant,

X 17;-/, a cystocarp, X 17; 7 ,
an antheridial filament, X 230 . k, Laurencia pygmaea: Part of a plant showing erect

axes from a prostrate branch, X 20 .
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LOCAL DISTRIBUTION: Sta. 10 (11342).

My plants appear to agree with this little-

known species according to Yamada’s treat-

ment of it, but it has not been possible to

compare with any east Atlantic specimens.

The type is presumed lost.

Chondria repens Bprgesen 1924: 300, fig.

40 (Easter Island)

Fig. Gld, e

LOCAL DISTRIBUTION: Two small plants

found creeping on a coral fragment, Sta. 7

(11249).

Chondria baileyana (Mont.) Harvey 1853:

20, pi. 18 A; Taylor 1937: 358, pi. 55, fig.

4. Laurencia baileyana Montagne 1849: 63

(New York, U.S.A.)

Fig. 62^

LOCAL DISTRIBUTION: Dredged from 2-4

m., Sta. 2 (11297); dredged from 5-7 m. off

north end of lie de Tre (11276).

The specimens at hand are small and in

part fragmentary, but seem to agree with this

species in diameter, branching, branch shape,

cortex, and tetraspore production. They cor-

respond well, except for stature, with spec-

imens distributed as No. 43 in Phyc. Bor.

Amer.

Chondria dangeardii nom. nov. Chondria

platyclada P. Dangeard 1952: 303, pi. 21,

fig. A-I (non Chondria platyclada Taylor

1945: 295) (Dakar, Senegal)

Eg- 62/, g

LOCAL DISTRIBUTION: Attached to a piece

of coral dredged in 2-3 m., Sta. 2 (11372);

on coral rocks at —0.5 foot tide level, Sta.

1 (11130).

These two collections, one sterile and one

tetrasporic, are in excellent agreement with

Dangeard’s African plant. In the sterile ex-

ample shown in (Figure 62/ branch primor-

dia are present in small pits on the thallus

surface, while in the tetrasporic examples

these have grown out into short branchlets

as shown in Dangeard’s figures.

The flat thallus with pinnate primary

branching is characteristic.

Fig. 63. ct-, heveillea jungermannioides: A somewhat

diagrammatic representation of part of a thallus as seen

from below, showing determinate lateral blades with

trichoblasts, the indeterminate shoots, and several

rhizoidal attachments, X 17. h, c, Acrocystis nana: b,

Habit, X 1.5; c, detail of a single branch bearing nipple-

like tetrasporangial stichidia, X 4.
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Acrocystis nana Zanardini 1872: 145, pL 8,

fig. A, 1-6 (Borneo)
;
Okamura 1907, leones

I, pis. 6, 7

Fig. 6'ib, c

LOCAL DISTRIBUTION: Growing in groups

on seaward faces of larger rocks, Sta. 11

(11408).

Leveillea jungermannioides (Mart. «&Her.)

Harvey 1855: 539; Falkenberg 1901: 392,

pi. 6, figs. 1-13, pi. 14, figs. 18-27; Scagel

1953: 51, fig. 8. Amansia jungermannioides

Martens and Hering 1836: 485, pi. 1 (lo-

cality not indicated)

Fig. 63^

LOCAL DISTRIBUTION: Growing on and

around small algae on coral rocks, Sta. 1

(11132).

The present material is quite small for the

species, measuring only about 1.5 mm. across

the thallus. It is, however, in actively growing

condition and perhaps somewhat young.
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